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FOREWORD 



In the spring o£ 1963, the State Education Department 
convened a meeting of an overall Science Advisory Committee 
for the purpose of initiating revisions in its courses in 
science. The membership of the committee included repre- 
sentatives frcm the- secondary and collegiate levels, from 
industry, and from research institutions. The function of 
this conunittee was to establish guidelines which would serve 
to aid the specific syllabus revision committees in their 
task of updating the various syllabuses in the light of 
recent developments in society, sclence,and science education. 

Major recommendations of the Science Advisory 
Comniittee included: [1) that the present science courses be 
brought up-to-date in the light of recent developments in the 
field of science, (2) that a greater emphasis be placed on 
the understanding and concepts involved in the particular 
subject matter areas, and (3] that attention be given to 
coordinating the laboratory with the content aspects of each 
course. 

After the Science Advisory Committee made its 
reconmendations , the Physics Revision Committee met to 
specify the content of the physics course. The committee 
included members from different geographic areas of the 
State who had experience with various approaches to the 
teaching of physics. The members of the comniittee were: 

William Atherton, Nlskayuna High School 

John H, Dodge, Irondequolt High School 

George Kanstroom, Rlclunond Hill High School 

Robert L, Lehiman, Roslyn High School 

Thomas D, Miner, Garden City High School 

Dr . Kenneth H . Moore , Rennselaer Polytechnic Institute 

Dr. Clifford Swartz, State University at Stoney Brook 

Dr. Alexander Taffel, Bronx High School of Science 

During the 1963-64 school year four experimental units 
constituting the basic core of the new physics syllabus 
wei'e written, These were used, oh a trial basis, in twenty 
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schools across the State, The results of a testing 
program and the criticisms of participating teachers 
were used in preparing the first (1964) revision which 
was a complfte syllabus containing both core and 
extended areas, 

Throughout the development of this course, 
participating teachers played a vital role in the 
evaluation and refinement of the Syllabus. An extensive 
evaluation by participating teachers was an essential 
part of the program. Examinations which were 
administered and analyzed supplied further evidence as 
to the applicability of the materials, 

During the years since the inception of this 
project many people have contributed significantly to 
its development, Mr, Atherton and A1 lister W, Crandall, 
Pulaski High School, prepared the original core units 
as consultants to the Bureau of Secondary Curricultmi 
Development, 

The 1964 edition was prepared by a writing team 
consisting of John Fitzgibbons, North Syracuse Central 
School, and Louis Landecker, Bronx High School of 
Science. Many of the suggestions forwarded to the Depart- 
ment by the New York City Physics Syllabus Committee, 
consistini of Herman Gewirtz, Chaimnan of Physical Science 
Abraham Lincoln High School* Simon Weissman, Chairman of 
Physical Science, Midwood High School* Harvey Pollack, 
Forest Hills High School j and Charles Heilman, Bronx High 
School of Science j were used in aupenting the original 
core units. The 1964 edition of the syllabus was 
f eviewed by Dr . Luther Andrews , Professor of Physics at 
the, State University of New York at Albany and a 
merabex of the Sciehce Advisory Conmiittee. Hugh 
Templeton, Chief of the Bureau of Science Education , 
acted as consultant throughout the proj ect . 
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The modifications included in the 1965 and final 
editions were, in large part, recommended by participating 
teachers and approved by the revision committee. 

Sigmund Abeles, Associate in Science Education, 
coordinated the revision of the syllabus, Robert G. 
MacGregor, Associate in Science Education, reviewed the 
manuscript and made valuable, suggestions. A review of 
content accuracy was made by Dr, W, M. Schwarz, Professor 
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of Physics at Union College, Robert F, Ziimneman, 
Associate in Secondary Curriculum, prepared the final 
copy for publication. 

Gordon E, Van Hooft, Chief 
Bureau of SeoonBtavy 
CumiQulm Vevelopmnt 

H. George Murphy 

Director, Division of School Supervision 
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Introduction 



Aims and Content of the Physics Course 

This course presents a modem view of physics vdth 
major emphasis placed on the fundamental concepts underlying 
this basic science. The syllabus is designed to encourage 
the utilization of such basic concepts as the conservation pf 
energy, the conservation of momeiitian, and the conservation i 
of charge in related areas rather than in isolation. This » 
approach tends to foster an appreciation for the unity of { 
physics. As a result, the syllabus is pesented in such a j 
way as to show the importance of these ideas as unifying / 
concepts which can be repeatedly applied throughout the 
course. 

The objectives of the course in physics should extend 
beyond a minimal comprehension of the basic facts and 
principles outlined in this syllabus. The appreciation of 
scientific method, the ability and willingness to change 
beliefs and opinions after careful weighing of new 
evidence, and the development of the habit of critical 
thinking are the intangible but most important outcomes of 
the study of this science. These methods of thought and 
action will remain long after many specific details of 
subject matter are forgotten. 

The tremendous scientific advances within the past 25 
years have created a critical shori' age of skilled technicians, 
scientists^ and engineers . At all levels of ability , there 
is an increasing demand for workers with more train^^m^ and 
understanding of our4 physical world. Th.e maintenance of our 
standard' of living and our national;security depend in 
large part upon- an increasing: supply of scientifically trained 
personnel. Of equal and perhaps even greater importance ■ . 
is the need for a'.continuing supply of well-informed 
citizens ' capable:, of .makihg. somid; decisions on the many new 
issuesiarid jpm . . 

State Diploma .Credit . ^ , .■ . - • 
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toward a State Diploma, 

Sequence and Scheduling 

One of the major problems in constructing a syllabus 
for a one-year course in physics is to provide a broad 
general understanding of the fundamental principles of 
the basic area of physics and, at the same time, to 
achieve an extension of understanding in at least 
some of these areas. Limitation of time precludes this 
extension in all areas, while teacher training and 
preference dictate the areas of choice in a particular 
school. 

In an attempt to introduce some degree of flexibility 
in the course, and at the same time provide for an 
adequate coverage of basic areas, the content of the 
proposed syllabus has been kept to a minimum. It 
consists of a basic core section and four optional 
extended areas, 

The minmm of the ooupse inolude the 

basic core f ard my two of the four eifftended meaB, 

The order of presentation used in the syllabus 
indicates one of several possible teachinf sequences . 

Any sequence that presents a logical develcpment of 
physical principles may be followed, - ' 

I VThe?;SuCcessfuf c^ of physics usually requires 

: slightly more maturity and understanding of mathematical 
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or science. If these pupils elect physics in grade 11, they 
may be better prepared to compete for scholarships since many 
of the examinations for scholarships are given early in the 
12th year, This plan also makes it possible for schools to 
offer an elective course in advanced physics in the 12th 
year or a college-level course for advanced standing, A 
second year in physics, however, is not recommended at the 
expense of a Regents course in chemistry. 

The minimum time required for this course is six 
4S-minute periods per week, although seven periods are 
recommended. This time allotment should include a double 
laboratory period each week. 

Teachers are encouraged to set their own time allotments 
based on student interest and achievement and their own 
teaching experience. ■ 

The guide below may help to establish a basic frame 
of reference for the course: 

Core Area Extended Area 
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Mechanics 

Waves 

Electricity 

Atomic and Nuclear Physics 



10 weeks 

7 weeks 

8 weeks 
4 weeks 



2 weeks 
1 week 
1 week 
1 week 



Prerequisites 

. . Ninth year' mathematics - course i Calsehra) ! is a 
prerequisite' for physics . It Is strongly recommended that 
pupils successfully complete Mathematics 10 before being 
enrolled in course. Appllcatidn of mathematical 

skills is stfessed frequently in this syllabus. Some 
this? materiainwili have been? develpped previous ly? in courses 
■ in mathematics Mid sciencep^and may be omitted or covered in 
bfleif reyiew; Other; topics^ such as vectprs ,?^^t^ i 

have beemtstudie^ prevlously iMy be undertaken: as a iinit at 

the beginiung of' the^^^^ 

, •• . ..... V 

M v;': .'f'' ■ 

ERIC'.-.: 



»urse , or may be introduced with 






VI 



L Lu n, ,.u m 



pupils elect physics in grade 11, they 
to corapete for scholarships since many 
r scholarships are given early in the 
ilso makes it possible for schools to 
36 in advanced physics in the 12th 
1 course for advanced standing, A 
, however, is not roconmiended at the 
3urse in chemistry, 

required for this course is six 
fl?eek, although seven periods are 
5 allotment should include a double 
week , 

iraged to set their own time allotments 
est aid achievement and their own 



ly help to establish a basic frane 
Durse* 



Core Area Extended Area 

10 weeks 2 weeks 

7 weeks 1 week 

8 weeks 1 week 
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associated material at the discretion of the teacher. 
Laboratory 

A physics laboratoiy "exercise” is defined as the 
laboratory work done by the pupil during one school 
period. In addition, a satisfactory report of this work 
is required. The minimum laboratory requirement can be 
met by perfonning 30 Individual exercises requiring 30 
laboratory periods. However, many of the experiences 
reconmiended for laboratory work in the physics course 
require two or more periods for completion. Therefore, 
the minimun requirement may also be met by 30 periods 
Involving a smaller ntanber of experiments. This is not 
intended to pennit the student to spread what is 
ordinarily a one-period exercise over two or more periods. 

Organization of the Syllabus 

The material in the syllabus is organized under 
three major headings: 

Topics . This coltum contains the topical outline. 

Topics preceded by an asterisk * must be treated 
quantitatively. Topics included in the extended 
areas are enclosed in boxes in all three colimms. 

A boxed asterisk 0 indicates that the topic is to 
be treated qualitatively in the core and quantitatively 
in the extended, area, 

; Ihiderstandlngs and Fundamental: Goncepts , 11115 
: column" outlines; the basic^^ c^ theiCoursd,* 

Those concepts ;which are boxed areurequlred; for the 
" extended areas only. ; : 

■ : Si^plementary Infonmtion. This: colinm includes 
some additional iinfonMtion and; e^lanation; of the 
basic concepts, 

Bvgg&stions to t$a^T8 m pm/nted m^ 
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The Relation of the Physics Syllabus to the Regents 
Examination . 

The Regents examination in physics will have two 
major parts. Part I will consist of questions based only 
on the basic corej and part II questions will consist of 
items from the basic core and the extended areas. Since 
there are four extended areas, there will be four patt II 
questions. The Regehts examination will be constructed so 
that part I will account for 70% of the score and part II 
for 30%. All students taking the mmination should answev 
all of the questions in part I and two of the four . 
alternative extended areas on part II, 

System of Units 

In recent years the MKSA system (meter, kilogram, 
second, ampere) has found increased use in many science 
courses, particularly in physics. As a result this syllabus 
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makes use of it. The fundanental units used are the 
meter, the kilogram, the second, the ampere, and the 
degree Kelvin. These are five of the six units in the 
Systeme International des Unites (S.I.) adopted at the 
Eleventh General Conference on Weights and Measures 
in October, I960,* 

Regents examination questions will be in terms of 
the five fundamental I’nlts mentioned above and 
the appropriate derived units (e.g., newton, joule', 
volt, etc.) as defined at appropriate points in the^ 
syllabus. While examination questions will be confined 
to these units, the use of other systems (e.g., CGS and 
FPS) in class and laboratory is encouraged. 

Changes in Syllabus 

Corrections or changes in the syllabus that become 
necessary will be brought to the attention of school 
principals by means of supervisory letters from the 
Department . 
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Several mathematical skills and relatfid concepts are 



continually used throughout the physics syllabus. A 
consistent emphasis on these basic skills and concepts is 
recoiranended. 
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Measurement 

Measurement is a comparison of an unknown quantity 
with a known quantity. All physical measurements are 
sub j ect to errors . . 

Errors may be due to the method used, enviroiuiiental 
fluctuation, instrumental limitations, and personal error. 
Systematic errors tend to be in one direction. Random 
errors tend to fluctuate in both directions. The random 
error may be reduced by increasing the number of observations . 

Significant figures 



Significant figures are digits which indicate the 
reasonably certain number of digits in a measured quantity. 
In mathematical operations involving significant figures, 
the answer should not contain more signif leant figures than 
the least number of significant figures in the original 
quantities. 



A significant figure is one which is known to be 
reaaqriabiy :.reliable . In expressing the results : a 
measurement, one estimated figure la considered ^ 
nif leant ; ^of exaf^le, in measu ten^ef ature , if the 

thermometer; is calibrate in Megreesi the -reading may b 
estimated to the tenth of a degree . In' this case , in the 
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BASIC MATHEMAfiCAL SKILLS 
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reading 20.3®, the figure '*3" is considered significant. 

Zeros which appear in front of a inaiber are not 
significant figures, The number 0.083 contains two 
significant figures. 

Zeros which appear between numbers are always 
significant, The nuinber 803 contains three signi- 
ficant figures, 

Zeros which appear after a ntanber are significant 
only (1) if followed by a decimal point, or (2) if to 
the right _of a decimai point, The ninnber 1800 contains 
two significant figures, but the ninnbers 1800, and 
18.00 contain four significant figures. 



For whole numbers ending in two or more zeros 
there is no way of indicating that some, but not all, 
of the zeros are significant; for example, the 
number 186,000 would indicate three significant figures 
if no decimal point is expressed, and six significant 
figures if the decimal point is expressed. There is 
no way of indicating its accuracy to four or five 
significant figures ixcept by the use of standard 
notation, 

The following rules will assist pupils when 
rounding off a ntmiber! 

number dropped is less than 5, the pre- 
ceding number remainslim^^ 5 .3634 

to three signifidanf figures :becOT^ ; . 

dropped is 5 or more,, the 
preceding: nlkberij^^'^ example, 

2 ,4179 to three significant^ -f^^ ’2,42, 



When 

= , r A.‘v, ?.-rv 






or subtracting; the ;answefshou be 



; ’V V 5 - 



9 ' 



ERIC . 



■H- ' 

V ^viu 



. •/ . . i- - 






rounded ofjF to eontain the least aecurately known figure 
as the final one^ for example , 



Add 



Subtract 



32.6 

431.33 

6144.212 



531.46 

86.3 



445.16 ^ 445.2 



6608.142 6608.1 



When multiplying or dividing t the answer should be 
rounded off to contain only as many significant figures 
as are contained in the least accurate nun^eri for e: 



Multiply 



Divide 



1.36 

4.2 



5.1 T 2.13 
2,39 



2.4 



5.712 ^ 5.7 



2,13/5.1000 

4.26 



"840 

639 

2010 



When addingl aiitracting j multi^ or dividing j 

numbers t may be rounddd off to one more than the nimnber of 
significant figures to be carried in the answer before the 
manipulation is carried out| for example , 

2,7468 X 3.2 - 2.75 H 3.2 8. 8‘, 






Standard notation (sbientific or exponential notatidn) 



; Standard : notation should; be used ; to indicate^^ :t^ 

■humher< dfhisighif leant /figures sand to fadilitati mathe- 
matical;; operations with large and small nianbers. . • 



Any;,nui^er can be e^Hpressed in the form A x 10 '“f; r 
where Ali.is any nunier with one digit to the left of the- 
'decimalijipoint and n is an integer. All of the digits 



in A are slgnifi 
by counting the 
If the decimal w 
If it was moved 



example 186 ,000 



becomes 5.20 x 1 
possible to indi 
figures. For ex 
known to four si 



^npitten 1.860 x 



Multlpllcat 
To multiply or d 
multiply or divi- 
obtain the new v. 
nmnber of signif 
add or subtract j 
value of n. 
more or less 
the decimal poln 



.4 



2,2 X 10 X 3.01 
•4 



2.2 X 10 X 3.0 
6.0 X 10^ X 3,01 



6.0 X lb® f 3.0 



6.0 X 10 - 3,0 



3;b X 10" 6.0 



: Addition an 
Numbers expr esse 
or subtracted or 



for examplev 5 ? 

,3 



7 X 10 . If the 
diffireht/pQWfi 
equalised.. For 



. ; . = /. -I V 
. ■ ■ V 



^0 



■ . ■ 



ast accurately known figure 

3 

Subtract 

531.46 

86.3 

445.16 - 445.2 



.ding, the answer should be 
IS many significant figures 
: aecurati mjunbers for examples 

Divide 

5.1 T 2.13 

2.39 =2.4 

2.13/5.1000 
4.2,6 
840 
639 
2010 

f, multiplying 5 or dividing , 

) one more than the number of 
?ried in the answer before the 




; or exponential notation) 

1 be used 4:0 indicate the ■ 

3 and to facilitate mathe- ; 

3 and small numbers / 

ssed ;in the form A X 

le digit : to vthe i^ ; . 

teger., ,All of the digits 



in A are significant . The value of n is determined 
by counting the number of places the decimal was mov^. 
If the decimal was moved to the left, n is positive. 

If it was moved to the right, n is negative. For 

ixampli 186,000 becomes 1,86 x 10 , and 0.0000520 

becomes 5 . 20 x lO”^ , In standard notation it is 
possible to Indicate any desired number of significant 
fi|ures. *' For example, If the figure 186 j 000 were 
known to four significant fi|ures, it would be 

._g 

written 1,850 x 10 , 

Multiplication and division in standard notation i 
To multiply or divide numbers in standard notation , 
multiply or divide the significant figure factors to 
obtain the new value of A, retaining the correct , 
number of significant figures (opposite col.) j , and 
add dr siitract the powers of .10 to obtain the new 
value of n. Adjust the decimal point if the new A has 
more or less than one non-sero digit to the left of 
the decimal point.; Examples; 

2.2 X 10^ X 3.01 X 10^ = 6,6 K 10® 

2.2 X lO’^ X 3.01 K 10- = 6.6 X lO"^^ 

6.0 X 10® X 3,01 X 10^,= 18 X 10*^ ^ 1.8 x 10® 

6.0 X Id® f 3.0^ 

6.0 X 10® f 3v0 K lO'^ = 2.0 x^^l^^ 

3.0 X 10^ - 6.^ H lO"® - 5.0 X 10 ^ 

Addition and Subtraction in Standard Notation; 
Niuiters exprdsBid in staridard notation can be added 
or si^tracted only if the powers of 10 same, 

for exan^lis 5 X 10® + + 2) x 10 - 

f X iol. If the mui^e added or subtracted have 

different pdprb of id, theh^^tt^ 

.:'i^ali^dVr'Eor- exan^le,;.' 



2 K 10^ +; 3;x 10® = 2 X 10^ +30 x 10^ “ 32 x lO" - 
3.2 X 10®» 



Writ 

prop 




unit 



In TnatheTiia'tical manlpulsitions 5 units behave like 
algebraic quaritities. In any physical equation the 
units on each side must be equivalent* ' ^ 





rels 

shoi 



use 

( 1 ) 



may be used, to illustrate inatheTnatiGal functions 
should be ^le to recognize § interpret ^ and 
expressions and graphs , representing ? 

, y = kx; (2) direct second 



Vec 



felationSs: y “ kx I (3) inverse first degree 

, y = -1 and (4.) inverse squhre relations ^ V “ “ 

i jr , ,^ . 3 ■ - X 



A proportionality represents a ratio ^ and dan be 




.0® = 2 K lO^t 30 K 10^ 5 32 X 10^ = 



■ Units 

itical manipulations 5 units bthavs like 
ities. In any physical equation the 
iidi must be equivalent. ‘ 

[notions • 

' be used to illustrate mathematical functions. 
1 be able to recopizej interpret ? and 
.1 expressions and graphs ripresentk^ 
inear relations, y - kx;,: (2) direct second 

2 " ' ' 

[S, y s kxv; (3)' inverse first degree 

,;„V ..... v ..^ k 

-j and (4) inverse square relations, y - ‘ 

onality represents a ratio, and can be 



written as an equation by inserting the proper 
proportionality constant. 

Care should be taken to associate the proper 
units with the proportionality constant, 



Graphs should be used to illustrate physical 
relationships. A line representing the relationship 
should be smooth and probably will not pass through 
all measured points, Points should be .circled to 
indicate their uncirtainty. 

Vectors 

The ability to add and subtract vectors should 
be developed. 

The Slide Rule 

The use of slide rules should be eneoma|ed. 




TOPICAL OUTLINE 



MECHANICS 



I. Kinematics 



: ■ ■ I, ■ ■ . 



A. Linear motion 

1 . Distance and displacement 
a. The meter 
*2. Velocity and speBd 
a. The second 
*3, Acceleration 
*4. Distance traveled by a 
accelerating object 
*5. Freely-falling objects 



II. Force 



*k. Composition of 
*B. Resolution of forces 



III . Dynamics 4 



A, Mass a force , and acceleration W the inertial and 



gravltatlohal prppe;bties ipf ^ 

1, First law of motion ■ " 






*2. Second law of motibhV 

a. The kilogr^^-^^^^^^^^- ^ 

b. The newton V 
3 3 . Newton ' s 1 aw of gravitation ? 

*4. Weight 



mass 






*B, Unifom circular motion , . : 
*1, Centripetal acceiera 

*2. Centripetal force .■ ‘ 

: — • - =■ 















IV. Wot 

*A. ■ 






I 






*C 



. Coil 
A, 

VI. Ini 



A. 

B. 



C. 



•'..-.■V-.'i-; : ■- ' r 



^C. Momentum. 

^ ^ *1 , impulse 

*2i.,.Chang# of momentm^^^^^.^ i . : , 

*3. Law of conservation ofvJtom'eritum : 

4. Third law of motion' ; 








\ Topics which are boxed are required of those sele 



Mechanics as ai 



• ,v, • 



% 



4 *^ 




TOPICAL OUTLINE 



MECHANICS 



Page 
. 1 



displacement 

jr 

id speed 

md 

)n 

raveled by a uniformly 
ig object 
Ling objects 

3 

: forces 
forces 

4 

ind acceleration - the inertial and 
properties of obj ects 
)£ motion 

of motion, ihertial mass 

igram 

.on 

iw of gravitation ' 



Lar motion 
L acceleration 
I force 



IV. Work and Energy 

*A, Work 

1. The joule 
*B , Energy 

*1. Potential energy 
*2. Gravitational potential energy 
*3. Kinetic energy 
*C . Power 
1. The watt 

*V, Conservation of Energy 

A. Friction 

VI . Internal Energy and Heat 

A. Mechanical equivalent of heat 

B. Temperature 

1 . Absolute temperature 
a. Absolute zero 

C. MKS temperature scales 
1. Celsius 

*2. Kelvin 



D, Exchanges of internal energy 
1. Kilocalorie 
*2. Specific heat 
3. Change of phase 
*a. Heat of fusion 
*b, Heat of vaporization 

VII , Kinetic Theory of Gases . .......... . 



nervation of momentum 
)f motion 



A. Pressure 

B. Gas Laws 



[ed are required of those selecting Mechanics as an extended area, 

■ ' ■ J;.... . # '. • i 
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I. Introduction to Waves 

A. Transfer of energy 

B, Pulses and periodic waves 

1. Pulses in a material mediian 



TOPICAL OUTLINE (cont 
■ WAVE PHENOMENA 
' Page 
14 

. D , 

2. Tw 

3. St 
a. 



a. Speed 

b. Reflection and transmission 
2, Periodic waves 

C. Types of wave motion 

1 . Longitudinal waves 

2 . Transverse waves 
a. Polarization 

3. Other types of waves 

II. Common Characteristics of Periodic Waves 16 

A, Frequency 
*B. Period 

C. Amplitude 

D. Phase 

E. Wavelength 
*F, Speed 

1. Effect of medium 

2. Dispersive medium 

3. Nondispersive medium 
G. Doppler effect 

1. Sound 

,H. Waye propagation 

1, Wave fronts 

2. Huygens’ principle , . 

III. Periodic Wave Phenomena 18 



IV . I.ight , . 



*A, Speed 

1. ITJ 

2. In 

B. Refle 

1. La 

2. Re 

3. Di 

C. Refra 

S I, In 
2. Cl 
3. Tc 
4. Dd 



D 



E 



Lense 

1. Cc 
a. 

2. Dd 
Wave 
1. It 

a, 





d 

e 



A. Reflection 

B. Refraction 
Si. Snell’s law 

2. Speed and refraction 

C. Diffractidn 

D. Interference- 

1, Superposition 

Topics which are boxed are required of 'those selecting Wav 
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F. Elec* 

1. e; 

2. S( 
a 
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3 . D( 



e Phenomena as ai 
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rgy : 

sdic waves 
nateriaLniediuiii 

II and transiission 
ss 

3tion 

waves , 

ives 
Lon 

)£ waves 

:ics of Periodic Waves , , . 



liuni 
idiuin 
I medium , 



i 

iciple 
mena , 



raction 



are required of" those se 




TOPICAL OUTLINE (continued) 
■ WAVE PHENOMENA 




a, Constructive interference 

b. Destructive interference 

2, Two sources in phase 

3. Standing waves; ^ 
a, Reflection 



IV. Light 



1. In space 

2. In a material medium 
B. Reflection 






16 





1. Law of reflection 

2. Regular reflection 

3. Diffuse reflection 
C. Refraction 

^1, Index of refraction 
32; Critical angle 
3. Total internal reflection 



4, Dispersion 



D. Lenses 

1. Converging lens 
a. Images 

f*b. Size and tlistance of imajes' 

2. Diverging Tenses ~ 

E. Wave nature of light 

1 , Interference of light 



a. Coherent sources 
Bb. Double slit 



d. Resolution 
, Thin films 



Transyersi nature of light 
F, EleGtroraa|netic radiation 





1 . Electromagnetic .jpectrinn ; f 

2. Sources of electromagnetic radiation 

a. Continuous spectra 

b. Line spectra . - r,'. 

3. Doppler Effect ; 



lecting Wave Phenomena as an extended area, 

. OiH ■ 



TOPICAL OUTLINE (contln 
ELECTRICITY 



I. Static Blectrlcity 



• « ■ « s 



27 



A. 

B. 

C. 



D 



* IF 

ITm 



Microstructure o£ matter 
Charged objects 
Transfer of charges 

1, Conservation of charge 

2, Separation of charge by contact 

3, Conduction 

4, Induction ■ 

Elementary charges 
Quantity of charge 
Coulomb's law 

G, Electric fields 

1 . Field around a point charge 

2. Field around a uniformly charged rod 

3. Field between two parallel charged plates 

4. Electric potential 

H, Potential difference 
*1 , The volt 

*2. The electron volt 

[*3. Electric field in teanns of electric potential [ 

I , Granular nature of charge. The Millikan experiment 



*5. 

* 6 . 



III. Magnet 



A, Mag! 

B. Mag 
1 . 
2 . 



4. 

5. 



C. For 



D, For 

E. Mag 

'^1. 

2 . 



II. Electric Current 



« ■ « » ■ 



F. Mag 

1 . 



D. 

E. 

F. 



A, Conductivity in solids 

B, Conductivity in liquids 

C, Conductivity in gases 
Conditions necessary for a 
Unit of current 
Resistance 

1. Unit of resistance^^^^^^^^^^^^ ^^^ ^ 

2 . Res Istance in conductors 
*3. Ohm's law 

4. Temperature 

Conservation of charge and energy 
in electric circuits _ 

1. Conservation of charge 

2 , Conservation of energy 



IV. 



Electi 



A. Mag 

B. Ger 



V. Elect! 



VI. Electi 


A. 


The 


B. 


Ele 


C. 


Cot 


D. 


ChE 


B. 


Ma* 



J pics which are boxed are required of those sefecling Ele 
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TOPICAL ppTLINE (continued) 
ELECTRICITY 



Page 
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of matter 
arges 

n of charge 
of charge by contact 



rges 

arge 



d a point charge 

d a unifomly charged rod 

en two parallel charged plates 

tential 

erence 

n volt 



eld in terms of e] 


lectric potential 


e of charge. The 


MilliTcan experiment. 



32 



a solids 
a liquid 
a gases 
essary 
t 



a current 



istance 
In conductors 



E charge and energy 
ccuits 
a of charge 
r of energy 



*3, Series circuits 
*4. Parallel circuits 
*5. Electric power h'- 

*6, Electric energy and heat 

11 1 • Magnet rSm ■’•■■itaittiiiiiiiitiiliiliiltlliipffl 37 

A, Mapetic force 
Bi Magnetic field 

1. Direction 

2. Mapetic flux lines 

3. Flux density 

a. Permeability 

4, Magnetic field around a straight conductor 

5, Magnetic field around a loop 

6, Magnetic field around a solenoid 

C. Force on a current-carrying conductor in a 
magnetic field 

D. Force between two straight parallel conductors 

E. _ Magnetic effects of moving charges 
01, Force on a moving charge 

2, Force on a loop or solenoid 
a, The galvanometer . r 

F. Magnetic nature of matter' 

1, Field around a permanent magnet ■ 



IV. Electromapetic Induction 41 

0A, Magnitude of an Induced electromotive force 
B, Generator principle , 

V, Electromagnitic Radiation 42 



VI, Electron Beams 



II tilt lil. lit t, iil S.i i • iitiii I 



43 



A, Thennionic emission 

B, Electron beams in an electric field 

C, Control of electron beams 

D, Charge to mass ratio 

E> to electron ; ; ' - ^ : 



jd "•‘“or-quired of those setecting Electricity as an extended area , 



TOPICAL OUTLINE (co 
ATOMIC AND NUCLEAR P 



I . Dual Nature of Light 






A. Wave phenomena 

B. Particle phenomena - 

1 , Photoelectric effect 



II, The Quant um Theory . . 






A. The quantimi 

^1. Planck's constant 

B. Explanation of the photoelectric effect 
1 . Photon 

*2. Photoelectric equation 
a. Threshold frequency 

C. Photon -pa.rticle collisions 
1. Photon momentum 

D. Matter waves 



III. Models of the atom , ; 



« * ■ » 



A, The. Rutherford model of the atom 

1 , The alpha particle ’ 

2, Alpha particle scattering 

3 , Traj ectorles of 



4. Scattering and atomic 



er 



5, Dimensions of atomic: nuclei 
B , The Bohr model of the hydrogen atom 

1, Bohr's assmnptlons 

2, Energy levels 

a. Ground state - 

b. loniEation Potential 

3, Standing waves 



TV, Atomic Spectra , . . . . 

' *A, Excitation and emission 



. 45 



46 




*B 



V, Th 



Topics which are b required of those selecting Atomic\ and Nuc! 



o 
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OUTLINE (continLiid) 
NUCLEAR PHYSICS 



)Qiena 

ihenomena ' 
ectric effect 
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s constant 

m of the photoelectric e 

ectric equation 
ishold frequency ' 
tide collisions 
momentuiii 
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} atoin . , 
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)ha particle ■ 
iarticle scattering 
:ories of alpha particles 



'ing and afoiic number 



.ons of atomic nuclei 
lodel of the hydrogen atom 
assumptions V , 
levels 
ind state 
ration Potential 
I waves 
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51 



*B. Absorption spectra 
C , The hydrogen spectrum 
1. Balraer series 

V. The Nucleus 



A. Observational tools 

B. Accelerators 

C. Nucleons 

D. Atomic nimiber 

E. Mass number 

F. Nuclear force 

G. Nuclear mass and binding energy 

H. Isotopes 



VI, Nuclear Reactions 



54 



and emission 



A, Natural radioactivity 

1. Alpha decay 

2. Beta decay 

3. Ganma radiation 

*B. Half life ^ 

; C. Ihe atomic mass unit 
D. Mass "energy relationship 
1. Conservation of mass -energy 
*2. Einstein *s mass -energy equation 

B, Induced (artificial) transmutation 

1 . Beta decay " 

2 . The neutron 

F, Nuclear fission 

1, Thermal neutrons 

2. Moderators 

G, Fusion 



boxed are required of those 
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seiecting Atofflio^ind Nuclear Physics as an extended area. 



MECHANICS 



Topics Understandings and Fundamental Concepts 



I .. Kinematics Kine...atics deals with the mathematical 

methods o£ describing motion without 
regard to the forces which produce it . 

A. Linear The motion of a body may be described 

motion in terms of its velocity and acceler- 

ation. 



1. Distance ^ Distance is a scalar quantity that 
and represents the length of a path 

displacement from one point to another. 

Dispiacement is a vector quantity 
that represents the length and direc- 
tion of a straight line path from one 
point to another bbtween which motion 
of an object has taken place. 

a. The meter The meter is the MKS unit of length., 

It is a fundamental unit. 



*2 , velocity Velocity is a vector quantity which 

and speed represents the time-rate of change 

of dispiacement. 

Speed is a scalar quantity that 
represents the magnitude of the 
velocity. 



Mimmm re. 
aoaeterati- 
OT finally 

Motion is 

The distin; 
stressed. 



Whenever n 
or scalar 

Total disp 

The concep 

The meter 
in a vacut 
of kryptor 

Minimwri qh 
reaogniBej 
versus tin 



Understandings and Fundainental Concepts Supplementary Infonnatlon 

Kinematics deals with the mathematical 
methods of describing motion without 

regard to the forces which produce it. ’ 

The motion of a body may be described Uinmm mquimments are Umited to motion with Gonetmt 

in terms of its velocity and acceler- aooeUmtion in a Umar pathg and to bodies initially 

ation. or finally at rest. 

Motion is relative to a given frame of reference. 

Distance is a scalar quantity that The distinction between scalars and vectors should be 
represents the length of a path stressed, 

from one point to another. 

Displacement is a vector quantity l^enever new quantities are introduced their vector 

that represents, the length and direc- or scalar nature should be stressed, 

tion of a straight line path from one 

point to another between whidi motion Total displacement is a vector sinn, 
of an object has taken place. 

The meter is the MKS unit of length. The concept of finidamental units should be introduced. 

It is a fundamental unit. 

The meter is now defined as 1,650,763.73 wavelengths 
in a vacuum of the orarige-red line in the spectrum 
of krypton 86> " 

Velocity is a vector quantity which MnifmM quantitative requirements flre the ^Uity to 
rejpresents the time-rate of chuige reoognisej interpret ^ Su use graphs of distanee 

of displacement. versus time and to apply the related equations. 

Speed is a scalar quantity that 
represents the magnitude of the 
velocity. 






I- 
















Topics 



a. The 
second 



3. Acceleration 



Understandings and Fundamental Concepts 

The relation o 
developed grap 
should be plot 

Show that I* = ■ 
speed) . 

If the speed i. 
the distance-t; 
Instantaneous . 

Mathematical £i 
equations may 1 
the fundament a. 
physics. 



The second is the MKS unit of time. The second is i 
It is a fundamental unit. of the cesiimi i 



6 parts in IQl- 
times more acci 
foimerly in usi 
International t 
October 8, 196^ 



Acceleration is a vector quantity Minimm qumti'i 
that represents the time-rate of moognine^ inti 
change in velocity. , tme^ md to oj 



The relation o 
graphically. 



jjndg^taiidiiigs and Pundanental Concepts Supplamentary InfoMiation 

The relation of position versus time should be ■ 
developed graphically. The independent variable (time) 
should be plotted on the horizontal axis, ■ s , ■; 

Show that - V s If fjjg gigpQ ij constant (constant 
speed) . 

If the speed is changing, the slope of the tangent to 
the distance-tiine curve at ^y point represents the 
inst^taneous speed at that point. 

Mathematical fiactions such as first and second degree 
equations may be introduced as a means of emphasizing 
the fundamental relationship between mathematics and 
physics. 

The second is the MKS unit of time, The second is now defined as 9,192,631,770 vibrations 
It is a fundamental unit. of the cesium atom. This 'measurement is accurate to 

6 parts in 10i2 or 1 second in 5000 years and is 200 

formerly in use. This value was adopted by the 
Intemational Committee on Weights and Measures on 
October 8, 1964 at 1725 hr. ^ Paris tim^ 

Acceleration is a vector quantity Minimm qumtitatim mquwmBnts are the aHH^ 
that repesents the time-rate of veaogniBej interpmty cM use graphs of speed versuB 

change in velocity. , : tma, to apply the related eqmtions, 

■ The relation of Speed to time should be developed 

graphically. 

Show that the slope of the speed-time curve = ^- = a, 
when the acceliration is constant, 



; ] 
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Topics 

*4. Distance 
traveled by 
a uniformly 
accelerating 
ob j ect 



Unders tandings ano Fundamental Concepts 

The distance traveled by a uniformly Minimm qua 
accelerating object is equal to the cpptiaatior 
product of the average speed and the 
elapsed time. 

The distance traveled by an object 
accelerating uniformly from rest is 
proportional to the square of the 
time , 



The distanc 
speed-time 



*5. Freely- 
falling 
ibiects 



II, Force 



)sitlon of 
forces 



o 

ERIC 



Freely-falling objects may be con- 
sidered as examples of objects with 
constant acceleration. 



A force is a vector quantity that 
may be defined as a push or pull. 



Forces may act upon an object through 
space. 



The resultant of two or more con- 
current forces acting on a body is 
the single force producing the same 
effect # The resuitant may be foinid 
by the vector addition of the indi- 
vidual forces, 



The minimm' 
to solve pr 
with initic 



Actual cone 



A more rige 
in cons idea 



■0 

3 



magnetic, i 



The region 

■ -f . ^ 

of the fore 
concep 



Determihat 

graphical 



MininM qiu 
sotiSionB i 



MnimM qwe 
soWM^ona x 
of 0° or li 



Understandings ana Fundamental Concepts 



The distance traveled by a uniformly 
accelerating object is equal to the 
product of the average speed and the 
elapsed time. 

The distance traveled by an object 
accelerating uniformly from rest is 
proportional to the square of the 
time. 



Supplementary Infomiation 

Mininmi quantitative requipemntg are limited ^ 2 
c^pUoations of tfm relationships s ^ vt and $ ^ -^t , 



The distance can be determined from the area under the 
speed-time curve, 



Freely-falling objects may be con- 
sidered as examples of objects with 
constant acceleration. 



The minimm qumtitative requirement is the dbility 
to solve probleme with oonatant no friotion^ and 
with initial or final velooity equal to zero. 



A force is a vector quantity that 
may be defined as a push or pull. 

Forces may act upon an object through 
space. 



Actual conditions should be discussed, 

A more rigorous definition of force will be developed 
in considering Newton's second law of motion. 

Forces may be classified as gravitational, electro- 
magnetic, nuclear, and weak interactions, 



The region in which a force acts is known as the "field" 
of the force. The field concept may be introduced when 
the concept of a gravitational field is developed. 



The resultant of two or more con- 
current forces acting on a body is 
the single force producing the same 
effect, The resultant may be found 
by the vector addition of the indi- 
vidual forces, 



Detennination of vector sums should include both 
graphical and numerical solutions. 

Minimm qumtitative requiremente for graphioal 
Bolutions will be Umted to two foroea aoting at my 
mgle, 

Minmm qumtitative requirmenta for nmerioal 
solutiona will be limited to foroea aoting at cables 
of 0° or IBO^^ or two foroea mting at on mgle of 90°, 






Topics 



*B. Resolution of 
forces 



Understandings and Fundamental Concepts 

A single force may be resolved into 
an unlimited mimber of components. 



I II. Dynamics Dynamics deals with the relation 

between the forces acting on an 
object and the resulting change in 
motion. 

A. MasSj force j and 
acceleration = 
the inertial and 
gravitational 
properties of 
objects, 

1. First law of An object remains at rest or in 
motion uni foim motion imless acted upon by 

an unbalanced force. 

An unbalanced force acting on an 
object causes an acceleration which 
is directly proportional to the force, 
and in the direction of the force. 

The inertial mass of an object is 
proportional to the ratio of the force 
on an object to the acceleration 
that the force gives the ob j ect , 
Inertial mass is a scalar quantity, 

a. Ihe ; The kilogram is the MKS imit of mass, 

kilogram It is a fimdamental unit . 



*2, Second law 
of motion, 
inert iai mass 
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Understandings and Fundamental Concepts 



Suppleientary Infonnation 

A single force may be resolved into MinuhiM qumtitative mquivmenta fov gi^aphioal wid 
an unlimited number of componints. nmeHoal solutions will be limited to two amponenis 

at r4ght mgUs to each other. InoludM right mgU 
omponents whioh are not horizontal and vertioal in 
yow disoussion. 

Dynamics deals with the relation 
between the forces acting on an 
object aid the resulting change in 
motion. 



An object remains at rest or in 
uniform motion miless acted upon by 
an unbalanced force. 



Ihis may be presented as Newton’s first law of motion, 
or the first law may be presented later as a special 
case of the second law, when F = 0, 



An unbalMced force acting on an The unbaluiced force is the vector sum of all the 

object causes an acceleration which forces acting on the object, 

is directly proportional to the force, 
and in the direction of the force, 



TTie inertial mass of an object is Minimm qumUtatim remirments are limited t^ 
proportional to the ratio of the force applioation of the , relationship^ 1 = ma, 
on object to the acceleration 
that the force gives the object. 

Inertial mass is a scalar quantity. 

The kilogram is the MKS imit of mass. The kilogram is defined as the mass of the inter- 
It is a fundamental unit, national kilogram at SIvres, France, 

The kilogram should be used only as a unit of mass and 
not as a unit of force, 
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Understandings and Fundamental Concepts 



b. The 
newton 



03, Newton's law 
o£ 

gravitation 



The newton is that force which will 
impart to a mass of one kilogram an 
acceleration of one meter per second 
per second. It is a derived unit. 

Any two objects whose dimensions are 
small in comparison to the distance 
between them, attract each other with 
a force that is directly proportional 
to the product of their masses and 
inversely proportional to the 
square of the distance between them. , 

At this po; 
develop thi 
field assoc 
relate to 1 
and not to 
by gravitai 
mass , Gra'* 
massi and : 

The oonoep‘, 
wilt not bi 



UinnmM quc 
appticat'ior 

m. 

p pc — ^ 
^ j 

universal c 



The relatii 
distance i 
law to be 
fields, an 
desirable, 
spherical 
be emphasi 



*4, Weight 




The weight of an object is the net 
gravitational force acting on the 
ob j ect . 

The weight of an object is directly 
proportional to its mass. 



The raagnit 
the locati 
Thus weigh 

The accele 
one locati 
to its mas 




Supplementary Information 



iderstandings and Fundamental Concepts 

'he newton is that force which will 
.mpart to a mass of one kilogram an 
icceleration of one meter per second 
)er second. It is a derived unit, 



Iny two objects whose dimensions are 
imall in comparison to the distance 
jetween theraj attract each other with 
I force that is directly proportional 
to the product of their masses and 
inversely proportional to the 
square of the distance between them. 

At this point some teachers may wish to introduce or 
develop the "field" concept applied to the gravitational 
field associated with a mass. The masses referred to 
relate to the property of mutual attraction of matter 
and not to the property of inertia i Mass measured 
by gravitational attraction is called gravitational 
mass, Gravitational mass is proportional to inertial 
mass; and is expressed in the same units. 

The oonoept of gvmitational mss mrsus inerUat mass 
will no^ ie si^feot to excanination. 

The relationship betwetn gravitational force and 
distance is the first example of the inverse square 
law to be encountered. Since this law applied to many 
fields, an undirstanding of it at this point is 
desirable, The rimitation of this law to point or 
spherical sources with uniform mass distribution should 
be emphasized, 

The magnitude of the gravitational force varies with 
the location of the object with reference to the earth. 
Thus weight is not an invariant property of an object. 

rhe weight of an object is directly The acceleration due to gravity is a constant at any 
)roportional to its mass, one location, and is the ratio of an object’s weight 

to its mass. 





rhe weight of an object is the net 
gravitational force acting on the 
)bject. 



Minmm quantitative mquwements am limited, to 
applioatione of the mlationBhips 

P or - ov P - f. whem G is the 

univemal gravitatioml oonatant. 




Understandings and Fundamental Concepts 

Since weighi 



Newton's sec 
freely fall: 
acceleratioi 



Spring balar 
weight measi 
C'Veighing"] 
measurement 
100 grams we 
and DO forti 



B. Uniform 
Circular 
motion 



Unlfom circular motion is the motion 
of an object at constant speed along 
a circular path. 



Circular mot 
dynamics . 1 
be used. 



*1. Centripetal Centripetal acceleration is a vector 
acceleration quantity directed toward the center 

of curvature. Its magnitude Is 
directly proportional to the square 
of the speed and inversely pro* * 
portional to the radius of the path. 

The force which causes centripetal 
acceleration is centripetal force. 

It is a vector quantity directed 
toward the center of curvature. Its 
magnitude is directly proportional 
to the product of the mass and the 
centripetal acceleration. 



*2. Centripetal 
force 



Minimm quar 
apptiaatiom 



Minimm qud 
apptiQatiom 



*C. Momentum Momentum is a vector quantity. Its 

magnitude is equar to the product of 
the mass and the velocity. Its 
direction is the same as that of the 
velocity. 

*1, Impulse Impulse is a vector quantity with a Minimm qua, 

magnitude equal to the product of the eitnutions 



Inder standings and Fundamental Concepts 



Jniform circular motion Is the motion 
)£ an object at constant speed along 
1 circular path, 

Centripetal acceleratior is a vector 
luantity directed toward the center 
)f curvature. Its magnitude is 
lirectly proportional to the square 
)£ the speed and inversely pro- 
)ortional to the radius of the path, 

’he force which causes centripetal 
icceleration is centripetal force. 

't is a vector quantity directed 
;oward the center of curvature. Its 
lagnitude is directly proportional 
:o the product of the mass and the 
centripetal acceleration. 



lomentum is a vector quantity, Its 
lagnitude is equal to the priDduct of 
;he mass and the velocity, Its 
lirection is the same as that of the 



Supplementary Ii^ £ ^tion 

Since weight is a force it is a vector %antity, 

Newton's second law applied to the niotion of a 
freely falling body, where F = weight and & = 
acceleration of gravity (g) . W = mg* 

Spring balances graduated in newtons W be ussd in 
weight ffleasurements , but comparison of %sses 
("weighing'') on a balance should be refej-jed to as 
measurement of mass. To one significant figure; 

100 grans weigh 1 newton, 200 grams i^eigh 2 newtons, 
and so forth. 



Circular motion should be treated as a Problem in 
dynamics. The temn "centrifugal force" should not 
be used. 



Uinimm quantitative requirements ar& i^^ffiited to 

if 

appUoationg of the relaMonelwp fl ^ j 



qumt%tat%ve requirmentB ar^ t^Mted to 
appliQations of the relationehip ^ ^ 

e "" f 



impulse is a vector quantity with a 
lagnitude , equal to the product of the 



Mininm qmntitdtive requirements or# timed to 
situations dealing with eonstmt fov^og, 
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Understandings and Fundamental Concepts 



Topics 



*2. Change o£ 
momentum 



*3. Law of 

conservation 
of momentum 



4. Third law 
of motion 



IV. Work and energy 





unbalanced force and the time the 
force acts. Its direction is the 
same as that of the force. 



When an unbalanced force acts on an 
object, there is a change of 
momentum which is equal to the impulse. 



From Newton's 

FAt (impulse) 
conventional 
impulse and n 

MiniiTMn veqw< 
am limited i 
in whiah the 



When no resultant external force acts Minimwn quarv 
on a system, the total momentum of Binrple vecoi 

the system remains unchange'd. 

When two bodies interact their total Graphical so 
momentimi remains unchanged. is not requi 

suggested th 

energy. 

If one object exerts a force on a The third la 

second, the second exerts a force momenM. T 

on the first that is equal in equal in mag 

magnitude and opposite in direction, the total mo 



If the terms 
■that these f 
example, if 
pushes down 
back on the 
on the book 

V 

table (react 

When work is done on or by a system 
the total energy of, the system is 
changed. Energy is needed to do the 
work , 





Supplementary Information 



Understandings and Fundmental Concepts 



nbalanced force and the time the 
orce acts. Tts direction is the 
ame as that ’ the force. 

From Newton's second law, F = ma or F 

FAt Cimpulse) = Amv (change of momentum), Arav is the 
conventional way of writing change of momentum, Both 
impulse and momentum are vector quantities. 



hen an unbalanced force acts on an 
bject, there is a change of 
omentimi which is equal to the impulse. 



Uinimm mquiremenis in using the mlationehip above 
are Imited to oh^es in vetooity md to situations 
in whioh the momntm md impulse ore ooUnear, 



hen no resultant external force acts 
n a system, the total momentum of 
he system remains unchanged. 



Uinimm qumtitative mquivemnts will be limited to 
simple meoil or explosim problems. 



hen two bodies interact their total Graphical solution of conservation of momentum problems 
omentum remains unchanged. is not required. If such problems are included it is 

sugg"ested they be considered after a study of kinetic 
M energy. 



f one object exerts a force on a 
econd, the second exerts a force 
n the first that is equal in 
agnitude and opposite in direction, 



The third law is implied by the law of conservation of 
momentum. The forces act for the same time and are 
equal in magnitude and opposite in direction; therefore, 
the total momentum remains the same. 

If the terms action and reaction are used, emphasize 
that these forces act on different objects. For 
example, if a book is resting on a table, the book 
pushes down on the table (action) and the table pushes 
back on the book (reaction) , or the table pushes up 
on the book (action) and the book pushes down on the 
table (reaction) , 



hen work is done on or by a system 
he total energy of the system is 
hanged. Energy is needed to do the 
ork. • 









Topics 
*A, Work 



1, The joule 



. Energy 



*1, Potential 
energy 
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Understandings and Fundamental Concepts 



Work is done on an object when a 
force displaces the object. 



Work is a scalar quantity that is 
equal to the product of the component 
of force acting in the direction of 
the motion and the displacement of the 
object. 



The joule is the MKS unit of work. 

It is the work done when a force of 
one newton acts through a distance 
of one meter in the direction of the 



Energy is transferred when work is 
done. Energy is a scalar quantity. 



Potential energy is the energy an 
object has because of its position 
or condition. Under ideal conditions 
it is equal to the work required to 
ig the object to that position or 



M%n 



Sin 



or 



The 
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It 
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Supplementary Infomation 



Understandings and Fundamental Concepts 

Work is done on an object when a Minimm (p^mtitative Tequiremnts am Imit&d to 

force displaces the object, oasQS in which ths fovoi and tho displaoimint have 

the erne dimotion. 

Work is a scalar quantity that is 
equal to the product of the component 
of force acting in the direction of 
the motion aid the displacement of the 
object. 

The joule is the MKS unit of work. 

It is the work done when a force of 
one newton acts through a distance 
of one meter in the direction of the 
force. 



The same units are used to measure work and energy. 

Work can be done only by the transfer of energy. Work 
transfers energy from one object or system to another. 

It should be noted that it is not possible to 
utilize all the energy of a system. 

Energy is transferred when work is 
done, Energy is a scalar quantity. 

Potential energy is the energy an 
object has because of its position 
or condition, Under ideal conditions 
it is equal to the work required to 
bring the object to that position or 
condition. 

Energy of condition may be illustrated with a coiled 
sprihg. Potential energy of condition may be 
ixtended to include the potential energy acquired during 
phase changes. 
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Minmm qumtitative mcjuivements relatir^ to potential 
emvgy of position will be IMted to position in a 
grMitationai field. 

This concept may be extended, for example, to position 
in an electric or magnetic field. 



Since a newton is equal to a — meter ^ ^ 



may also be expressed as a (kilogram meter) (meter) 

eorinnrt ^ 

gram meter 



second 



or 



second 



Topics 

*2* Gravitational 
potential 
energy 



Understandings and Fundamental Concept s 

If work Is done on an object against 
gravitational force, there is an 
increase in the gravitational 
potential energy of the object. 



Emphasize the nee 
discussing potent 



*3. Kinetic 
energy 



*C. Power 



1. The watt 




If work is done by gravitational 
force on an object^ there is a 
iecreast in the gravitational poten- 
tial energy of the object. 

The change in gravitational potential 
energy is equal to the product of the 
weight of the body and the vertical 
change of height. 

Kinetic energy is the energy an 
object has because of its motion. 

Like all energy it is a scalar 
quantity. Kinetic energy is equal 
to one -half the product of the mass 
and the speed squared, 



Ideal conditions 
constant g. 



Minwwn quantitai 
appliaations of i 
is small. This 
fiample of the m 

The equation KE = 
law of motion anc 
w = fs ar 

,% w = ms 



since v = 2a^ 




Under ideal conditions it is equal 
to the work required to stop the 
object, or bring the object from rest 
to that speed. 



Minimum quomMta 
pvdblms involvi" 

w = KE 
Relativiatio eff 



Power is the time-rate of doing work. 
It is a scalar quantity. 



Miniinm quantita 
prohlems involvi 




The watt is the MKS unit of power. 

It is equal to one joule per second. 



24 



9 



Understandings and Pundaniental Concepts 



li If work is done on an object against 
gravitational force, there .s an 
increase in the gravitational 
potential energy of the object. 

If work is done by gravitational 
force on an object, there is a 
decrease in the gravitational poten- 
tial energy of the object. 

The change in gravitational potential 
energy is equal to the product of the 
weight of the body and the vertical 
change of height. 

Kinetic energy is the energy an 
object has because of its motion, 

Like all energy it is a scalar 
quantity. Kinetic energy is equal 
to one-half the product of the mass 
and the speed squared, 



Emphasise the need for a reference level in 
discussing potential energy in a gravitational field. 



Ideal conditions assujne the absence of friction and 
constant g, 



UiniMM quantitative requivements will he limit&d 
appUaations of the mlationship APf - mgth where th 
ie small. This is an approximation ^ and is mother 
exmple of the use of an idealized situation. 

The equation KE * %nv” may be derived from the second 
law of motion and the definition of work. 

w s fs and £ « ma where a is constant, 

,'i w - mas 

2 . 

since v s 2as 
w s %nv^ = KE 



Under ideal conditions it is equal 
to the work required to stop the 
object, or bring the object from rest 
to that speed. 

Power is the time-rate of doing work. 
It is a scalar quantity. 



Uinivm quantitative requirements are limited to 
prohlms involvif^ the relationship 

2 

w = M 

Eelativistia effects will not he considered, 

Minmm quantitative requirements are limited to 
prohlms mvolving the relationships. 




The watt is the MKS unit of power. 

It is equal to one joule per second, 
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Topics 

*Vi Conservation of 
energy 



Understandings and Fundamental Concepts 

In any transfer of energy among objects 
in a closed system, the total energy 
of the system remains constant. 

Under ideal conditions the gain 
of kinetic energy equals the loss in 
potential energy, or the loss of 
kinetic energy equals the gain in 
potential energy. 



A, Friction Friction is a force opposing the 

relative motion of two objects in 
contact . 

When an object moves against friction, 
work is done. 



VI. Internal Energy 
and Heat 



A. Mechanical 
equivalent of 
heat 



Internal energy is the total kinetic 
and potential energy associated with 
the motions and relative positions 
of the molecules of an object, apart 
from any kinetic or potential energy 
of the object as a whole. 

When one object gains internal energy 
from another object, the energy in 
transit is heat. 

Heat and mechanical energy are both, 
forms of energy j therefore, they can 
be mensured in the same units. 



Minimm quantt 
problems invot 

The change in 
change in kine 
energy plus th 

This law is so; 
energy because 

The law of con. 
whenever appro- 

Work done agaii 
kinetic or pots 
however, incre: 

Energy used in 
into internal e 
internal energ 

An increase in 
increases the 1 
Its molecules i 
or increases tl 
results in a cl 
levels of atom; 



The kilocalori 
One kilocalori* 






Understandings and Fundamental Concepts , Supplementary Information 



In any tTansfer of energy among objects 
in a closed system, the total energy 
of the system remains constant, 

Under ideal conditions the gain 
of kinetic energy equals the loss in 
potential energy, or the loss of 
kinetic energy equals the gain in 
potential energy. 



Friction is a force opposing the 
relative motion of two objects in 
contact . 

When an object moves against friction, 
work is done. 



Internal energy is the total kinetic 
and potential energy associated with 
the motions and relative positions 
of the molecules of an object, apart 
from any kinetic or potential energy 
of the object as a whole. 



Minimm qumtitaUve mquimmnta are limited to 
problems involving s -MS under ideal conditions. 

The change in energy of a systein is equal to the 
change in kinetic energy plus the change in potential 
energy plus the change in internal energy, 

This law is sometimes called the conservation of mass- 
energy because of the equivalence of mass and energy. 

The law of conservation of energy should be stressed 
whenever appropriate. 

Work done against friction does not increase the 
kinetic or potential energy of an object, It may, 
however, increase the internal energy of the object. 

Energy used in doing work against friction is converted 
into internal energy. This may be used to introduce 
internal energy and heat. 

An increase in the internal energy of an object either 
increases the kinetic energy of the random motion of 
its molecules which results in a rise in temperature 
or increases their potential eneriy of position which 
results in a change of phase, or raises the energy 
levels of atoms. 



When one object gains internal energy 
from another object, the energy in 
transit is heat. 



Heat and mechanical energy are both, 
forms of energy; therefore, they cai 
be measured in the same units. 



The kilocalorie and the joule are both units of energy, 

i 

One kilocalorie is equivalent to 4185 joules, 
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Topics 

B. Temperature 



1 , Absolute 
temperature 



a. Absolute 
zero 



C, MKS temperature 
scales 



1 , Celsius 



*2, Kelvin 
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and Fundamental 



Concepts 



Temperature is that property of 
matter which determines the direction 
of the exchange of internal energy 
between objects. The object at 
lower temperature will gain internal 
energy, 



Absolute temperature is directly 
proportional to the average kinetic 
energy of random motion of the mole- 
cules of an ideal gas. 

An object is at absolute zero when 
its internal energy is a minimum. 



Temperature measurements are conunonly 
referred to arbitrarily selected 
fixed temperatures which are readily 
reproducible. 

The degree is a fundamental unit. 

On the Celsius scale the freezing 
point of water is 0 degree and the 
boiling point is 100 degrees. 

On the Kelvin scale absolute zero is 
the zero point, 

, SB 



The tota. 
temperati 
mass , na" 



An ideal 
elastic j 
forces or 



By extra| 
absolute 
of the me 
would ap] 
absence ( 
to moder] 
a substa' 

I 

At absoli 
a minlmui 
transfer: 
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In 1954 
Confereni 
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value of 
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Minvnum i 
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Understandings and Fundamental Concepts 



Supplementary Infonnation 



Temperrture is that property of The total internal energy does not depend on 

matter which determines the direction temperature alone. It also depends on the object's 

of the exchange of ..iternal energy mass, nature, and phase. 

between objects. The object at 

lower temperature will gain internal 

energy. 



Absolute temperature is directly 
proportional to the average kinetic 
energy of random motion of the mole- 
cules of an ideal gas. 



An ideal gas is one which consists of perfectly 
elastic particles of negligible size which exert no 
forces on each other, except during collisions. 



An object is at absolute zero when By extrapolation of the relationship between the 

its internal energy is a minimumi. absolute temperature and the average kinetic energy 

of the fflolecules of an ideal gas, absolute zero 
would appear to represent zero kinetic eneriy, or the 
absence of all molecular motion. However, according 
to modern theory, at absolute zero the molecules of 
a substance have a minimiM amount of energy, 



Temperature measurements are commonly 
riferred to arbitrarily selected 
fixed temperatures which are readily 
reproducibli. 

The degree is a fundamental unit, 

On the Celsius scale the freezing 
point of water is 0 degrfe and the 
boiling point is 100 degrees, 



At absolute zero the internal energy of an object is 
a minimum*, therefore, no internal energy can be 
transferred to another object. 

In practice, absolute zero may be approached very 
closely, but cannot be reached. 

In 1954 the size of the degree was set by the General 
Conference of Weights and Measures, The triple point 
of water, selected as the standard fixed point of 
therfflometry, was defined as 273. 1 6“ K, or 0.01 ®C. The 
value of 273®K is satisfactory for class use, 

The expression "centigrade temperature" should be 
avoided. 



On the Kelvin scale absolute zero is 
the zero point. 







If- 




Minmm mquiTments will be Imiied to 

oommionB betwem Kelvin and CelsiuB Boales, 




D. Exchange of 

internal energy 



2. Specific 



3. Change of 
phase 



*a. Heat of 
fusion 
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Understandings and FundMaental Concepts 



When there is an exchange of internal 
energy, and if there is no conversion 
to other fotins of energy, the total 
internal energy of the system 
remains 



e kilocalorie is a unit of heat 
and is equal to the heat required to 
change the temperature of one kilogram 
of water one degree Celsius at 4®C. 

The specific heat of a substance is 
the ratio of the quantity of heat 
required to raise the temperature of 
a unit mass of the substance one 
degree Celsius to the quantity of 
heat required to cause the same change 
in temperatuie of the same mass of 
water. 



During a change of phase there is a 
change in internal energy but no 
change in temperature. 



The heat of fusion Is the number of 
kilocalories required to change one 
kilogram of a substance from the 
solid to the liquid phase at Its 
melting point, with no change in 
temperature . 



12 



27 



Understandings and Fundaiental Concepts 



Suppleientary Information 



When there is an exchange of internal 
energyj and if there is no conversion 
to other forms of energy, the total 
internal energy of the system 
remains constant. 

The kilocalorie is a unit of heat 
and is equal to the heat required to 
change the temperature of one kilogram 
of water one degree Celsius at 4®C. 

The specific heat of a substance is 
the ratio of the quantity of heat 
required to raise the temperature of 
a unit mass of the substance one 
degree Celsius to the quantity of 
heat required to cause the same change 
in temperature of the same mass of 
water. 



During a change of phase there is a 
change in internal energy but no 
change in temperature. 



Hie heat of fusion is the number of 
kilocalories required to change one 
kilogram of a substance from the 
solid to the liquid phase at its 
melting point, with no change in 
temperature. 



This is an application of conservation of energy 
to heat. 



This is an operational definition, If the temperature 
is not specified, it is approximate because the heat 
capacity, of water is a function of temperature. 



Specific heats are numerically the same in all systems 
of units. 



Minirmn quantitative vequiHmnts are limted to 
appliGations of the mlationehip LQ = moLt md 
emhcaige pwbUms involving two oigeGts. 



The tenn "phase” is used instead of "state" to avoid 
confusion with other conditions, such as state of 
equilibrium, 

The energy absorbed or liberated in a change of phase 
does not change the average internal kinetic energy, 
end does not produce a change of temperature. It does 
however, produce a change in molecular potential energy'. 



same amount of energy is liberated when an equal 
mass of the substance freezes, 



qmntvtatwe mquimmnts are Umted to 
appUaations of the mlationship Q ® mH„ 



vMpr' I 
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Topics Understandings and Fundamental Concepts 



*b. Heat of 
vapor- 
ization 



The heat of vaporization is the number 
of kilocalories required to change 
one kilogram of a substance from the 
liquid to the gaseous phase at the 
boiling point, with no change in 
temperature. 



VII. Kinetic Theory 
of Gases 



A. Pressure 



B. Gas laws 



Gases are composed of molecules in 
constant random motion. In gases of 
low density, the average distance of 
separation of molecules is large in 
comparison with their diameters and 
the total actual volume of the gas 
molecules is hegligible in 
comparison with the volume occupied 
by the gas. 

In gases of low density, the forces 
between molecules are considered to 
be negligible. 

Pressure exerted by a gas is due to 
collisions of gas molecules with the 
walls of the container. 

The product of the pressure and 
volimie of an ideal gas is directly 
proportional to the product of the 
number of molecules and the 
absolute temperature. 



The same 
mass of t 
0 vapori 
work is d 

Minimum q 
applioati 



Minirmjn i 
involving 
and tmpe 



Understandings and Fundaiental Concepts 



Supplementary Infonation 



The heat of vaporisation is the number The same amount of energy is liberated when an equal 
of kilocalories required to change mass of the substance condenses. The heat 

one kilogram of a substance from the of vaporization is a constant only"when no external 

liquid to the gaseous phase at the work is done. ' 

boiling point j with no change in 

temperature. Miniwm quantitative mquimnentB am limited to 

^ applioationa of the mlationship Q = ml . 

Gases are composed of molecules in 
constant random motion. In gases of 
low densityj the average distance of 
separation of molecules is large in 
comparison with their diameters and 
the total actual volime of the gas 
molecules is negligible in 
comparison with the volime occupied 
by the gas. 

In ^ ses of low density, the forces 
between molecules are considered to 
be negligible. 

Pressure exerted by a gas is due to 
collisions of gas molecules with the 
walls of the container. 

The product of the pressure and 
volume of an ideal gas is directly 
proportional to the product of the 
number of molecules and the 
absolute temperature. 
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Minim.' requimmnts am limted to simple proportions 
involving the relationahipa mmg presaurej volmej 
and tmperature for a fixed mass of gas. 



Topics 

I , Introduction to 
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A. Transfer of 
energy 



B, Pulses and 
periodic waves 



WAVE PHENOMENA 



Unde 



gs and Fimdaroental Concepts 



A wave is a vibrato^ disturbance 
that is propagated from a source. 



Wave motion transfers energy from 
one po .nt to another with no trans- 
fer of Tiass between the points. 



A wave may be classified as a 
or a periodic wave, V' 



Wave phe: 
an under, 
study of 



A distin> 



distinct: 
the disti 
medium f: 



waves, o: 



the mate: 
do not mi 



For some 



are peric 



Wave behi 
easily ai 
behavior 



Mwiy of 
reflecti 
can be s 
using a 



velocity 



Compact 



most sup 
microwav 



Transfer 



e Wave con 
■ pulses a 
these CO 
other fo 
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WAVE PHENOMENA 



IMderstandlngs and Fundamental Concepts 

A wave is a vibratoiy disturbance 
that is propagated from a source, 



Supplementary Information 

Wave phenomena may be introduced by pointing out that 
an imderstanding of wave phenomena is needed for the 
study of sound and ^ 



A distinction is made between a material medium and 
space. The word "material'' is used to emphasize the 
distinction between a medium and space. For example, 
the disturbance in a wave may be a dispiacement of the 
medium from its rest position as in water waves, sound 
waves, or waves in a rope or spring, Hie particles of 
the material mediimi vibrate around rest positions, but 
do not move along with the wave as does the energy. 

For some waves no material medium is necessary. For 
example, light, radio, and other eleetrcmagnetic waves, 
are periodic disturbances in electromagnetic fields. 






m behavior in a material medivmi can be studied most 
easily and used to establish typical patterns of wave 
behavior, ,# 



of the phenomena of periodic waves, such as 
reflection, refraction, diffraction and interference, 
cMi he studied both qualitatively uid quantitatively 
using a lipple tank. With the aid of a stroboscope 
quantitative measurements of frequency, wavelength, and 
velocity can be made. 

Compact and convenient apparatus is now available from 
most suppliers to demonstrate wave characteristics using 
microwaves , 



i motion trmsfers energy f':." ' 
one point to another with no t ; * 

fer of mass between the points, 

A wave may be classified as a pulse 
or a periodic wave , I" - 

. rv9 
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Traisfer of mass does not refer to the vibration of 
particles around rest positions, 



Wave concepts are introduced by a consideration of 
pulses and piriodic wavis in a material ffledium, 
these concepts are used in the study of light and 
other fonas of electromagnetic radiation. 
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Supplemental 



1. Pulses in a 
niaterial 
mec 



a. Speed 



b. Reflection 
and trans- 
mission 



2, Periodic 
waves 



. Types of wave 
motion 



1. Longitudinal 
waves 



2. Transverse 
waves 



a. Polari- 
zation 
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Unde rs t andings and Fundamental Concepts 



A pulse is a single vibratory 
disturbance which moves 
to point. 



In a unifonn material me 
pulse has a constant speeds 



When a pulse reaches a boundary with 
a different medium, part of the pulse 
will be reflected at the boundary, 
and part will be transmitted through 
the second mediimi. 



A periodic wave is a series of 
regular disturbances, 



Two simple types of wave motion are 
longitudinal and transverse. 



In longitudinal waves the distur- 
bance. is parallel to the direction 
of travel of the wave. 



In transverse waves the dlsturbaice 
is at right angles to the direction 
of travel of the wave. 



A transverse wave is polarized when 
the disturbance is in a single plane, 



A pulse through a material lediuir 
oscillation of the particles arou 



Use a coiled spring or a rubber t 
characteristics. Supirposition rc 
s pc 



The speid of a pulse depends upon 
properties of the medium, and, tc 
on the nature of the pulse. 



In some cases, practically all of 
reflected; for example, by a pane 



Bevelom&nt is Imit&d to si 



Longitudinal waves are sometimes 
waves . Sound waves and compress 
spring are examples of longi 



Electromagnetic waves and waves 
of transverse waves. The distuf 
plane perpendicular to the dire c 



Longitudinal waves cannot be polarized. 
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Understandings and Fundamental Concepts 



A pulse Is a single vibratory 
disturbance which moves from point 
to point. 



In a unifomi material mediiJBn, a 
pulse has a constant speed, 



Supplementary Information 

A pulse through a material medium causes an 
oscillation of the particles around a rest position. 

Use a coiled spring or a rubber tube to show these 
characterj.stics . Superposition may be introduced at 
this point. 

The speed of a pulse depends upon the nature and 
properties of the medium, and, to a lesser degree 
on the nature of the pulse. 



Iflien a pulse reaches a boundary with In some cases, practically all of the pulse will be 

a different medium, part of the pulse reflected; for example, by a pane of glass in a 

will be reflected at the boimdary ripple tmk, 
and part will be transmitted through 
the second medium. 

A periodic wave is a series of DsvBto^Bni vs twvt$d to sitnpts svnwovdcit wccobSi 

regular dlsturbarices . 

Two simple types of wave motion are 
longitudinal and transverse. 

In longitudinal waves the dlstur- ' Longitudinal waves are sometimes called compMSsional 
bance is parallel to the direction waves. Soimd waves and compressional waves in a. 
of travel of the wave. spring are examples of longitudinal waves. 

In transverse waves the disturbance Eiectromagnetic waves and waves in a rope are examples 

is at right angles to the direction of transverse waves. The disturbince may be in any ^ 

of travel of the wave. plane perpendicular to tiie direction of the wave motion 



A trMSverse wave is polarized when 
the disturbance is in a single plane, 

Longitudinal waves cannot be poiarized. 
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Topics 



3. Other types 
of waves 



II, Coimnon Character- 
istics of Periodic 



A. Frequency 



*B. Period 



C, Amplitude 



D, Phase 



E. Wavelength 



o 

ERIC 



Understandings and Fundamental Concepts 
Other types of waves are possible. 



Frequency is the number of cycles 
occurring per imit time. 



The pe 
the 
re 



is the time required for 
etion of a cycle. It is the 
of the frequency. 



nie amplitude of the wave is 
maximum displacement of a pa; 
of the medium from the rest 



Points on a periodic wave having, 
the same displacement from their 
equilibriimi positipn and moving in 
the same direction are said to be in 
phase. 



The wavelength is the dlstwice 
between two consecutiye points in 
phase. : ‘ 
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transvers 



of 

transmitt 



I 



A cycle j 
changes c 
the medii 
repeatlni 



The "ayal 

HERTZ, 



dimension 



Minimm q 
c^ptiaati 



In the li 
is genera 
such as 
of air. 



s defi 



velengt 
pe^-to-p 
zeros , 



Understandings and Fundamental Concepts Supplementary Informatio n 

Other types of waves are possible, Large ocean waves include both longitudinal and 

transverse vibrations and are called elliptical waves. 

f 

Waves of ’’twist*', called torsional waves, may be 
transinitted by a thin metal rod, 



Frequency is the number of cycles A cycle, as applied to a wave, consists of series of 
occurring per unit time, changes occurring in orderly sequence be meMis of which 

the mediim returns to its initial condition prior to 
repeating the series, 



The period is the time required for 
the completion of a cycle. It is the 
reciprocal of the frequency, 



The ''ey ole per second" hm reGently ‘been given the nme 
HERTZ, with the symbol Hb . The tern is gaining 
aeoeptmoe but is not required. 



Note that the cycle is dimensionless* hence, the 
dimension of frequency is t'^ (sec "^3* 

Minimnm qmititgtive requirments are limited to 

1 

^plioation of the relatimship T ^ j * 



The amplitude of the wave is the In the literature of wave motion the word displacement 

maximum displacement of a particle is giniralized to include any physicaT dlsturbwice, 

of the medium from the rest position such as chaiges in a transverse electric field, density 

of air, or density of an electron cloud, 

Points on a periodic wave having This definition of phase is limited to simple 
the same diiplacement from their sinusoidal waves of constant amplitude. 
equilibriM position and moving in 
the same direction are said to be in 
phase, 

The wavelength is the distance Wavelength lay be measured in a material mediimi from 

between two consecutive points in peak-to-peak, trough-to-trough, or between alteinate 

phase. zeros. 




Understandings and Fundamental Concepts 

The speed of a wave is equal to the Minmm qjmUtative mqui 
product of the frequency and the appliocttionB of th0 Mlatt 
wavelength. 



1. Effect of 
medium 



2. Dispersive 
medium 



3. Non- 
disperslve 
medium 

G. Doppler effect 



1, Sound 



H. Wave 

propagation 

1, Wave fronts 




The speed of a wave depends on the When a wave passing from o 
propirtiis of the medium. experiences a change in sp 

wave does not change, iTie 
is determined by the frequ 



A dispersive medium is one in which Discussion of this relatio 
the speed of a wave depends on its refraction of waves is stu 
frequency, 

Glass is a dispersive medi 
Dispersion may be observed 



A nondispersive medium is one in Air and water are nondispe 

which the speed does not depend on of low amplitude, 

the frequency. 

The Doppler effect is the variation No medium is involved in n 

in an observed frequency when there is magnetic wavis, | 

relative motion between source and 
receiver, 



Tliere is an increase in observed If the distance between tl 

pitch when the distance between soufee is changing at a constant 
and receiver is decreasing, is constant, though highei 

Hieri is a decrease in observed 
pitch when the distance between 
source and receiver is increasing. 



A wave front is the locus of adjacent 
points of the wave which are in 




Application of the Dopple] 
waves will be sttidied lati 



; tandlii^s and Fundifflifltal Concepts 

spged of a, wav© is e^ual to th© 
luct of the frequency and the 
‘length. 

speed of a wave depends on the 
jerties of the mediiflii. 



ispersive mediiwi is one in which 
speed of a wave depends on its 
quency. 



Supplementary Infomatlon 

Mmmm qmMmm mqu^er^s me limUed to 
ccpptiaQ.itonB of the vetotionship P - / !• 



When a wave passing froTn one mediiM to another 
experiences a change in speed, the frequency of the 
wave does not change. The wavelength in the new medium 
is determined by the frequency and the new speed. 

ni.ieusslon of this relationship may be left until the 
refraction of waves is studied. 

Glass is a dispersive medium for light. 



Dispersion may he observed in a ripple tank. 



ondispersive medium is one in 
ch the speed does not depend on 
I frequency. 



Air and water are nondispersive media for sound waves 
of low amplitude. 



s Doppler effect is the variation No mediiuii is involved in 
an observed frequency when there is magnetic waves. 

.ative motion between source and 



the transmission of electro- 



:eiver. 



‘re is an increase in observed 
;ch when the distance between source 
i receiver is decreasing. 

are is a decrease in observed 
tch when the distance between 
irce tod receiver is increasing. 



If the distance between the source and the receiver 
is diaiiging at a constant rate, the observed pitch 
is constant, though higher than the transmitted pitch, 

Applicatibn of the Doppler effect to electromagnetic 
waves will be studied 



wave front is the locus of adjacent 
ints of the wave \diich are in | 



ase. 




Topics 

2 . Huygens - 
principle 



III. Periodic Wave 
Phenomena 

A. Reflection 



B, Refraction 



Si. Snell *s 




Understandings and Fundamental Concepts 

Every point on a waye front may be 
considered a source of wavelets with 
the same speed. 



Periodic waves cwi be reflected from 
the boundaries of a medium. 

The incident ray, the reflected ray, 
and the normal to the surface are all 
in the same plane. 

When a wave is reflected from a 
surface j the angle of incidence is 
equal to the angle of reflection, 

Refraction is the change in the 
direction of a wave that occurs when 
the wave passes obliquely through a 
boimdaxy with a change in its speed. 

The ratio of the sine of the angle 
of incidence to the sine of the angle 
of refraction is a constant called 
the relative index of refraction. 

The incident ray, the refracted ray, 
and the normal to the boundary are 
ali In the same plane. 
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Unders tidings and Fundamental Concepts 



Every point on a wave front may be 
considered a source of wavelets with 
the same speed. 



Supplementary Information 

This provides a geometrical method for finding , from 
the known shape of a wave front , the shape at some 
later tlnie. 

Iliis may be introduced when diffraction is studied. 



Periodic waves can be reflected from 
the boundaries of a mediim. 



The incident ray, the reflected ray, 
and the normal to the surface are all 
in the same plane, 

When a wave is reflected from a 
surface, the angle of incidence is 
equal to the angle of reflection, 

Refraction is the change in the 
direction of a wave that occurs when 
the wave passes obliquely through a 
boundaiy with a change in its speed. 

The ratio of the sine of the ^gle 
of incidence to the sine of* the angle 
of refraction is a constant ’ called 
the relative index of refraction, 

Hie incident ray, the refracted ray, 
and the noimal to the boundary are 
all in the same plane. 



qwntit^we mquwMsnts are imited to 

■ 6 ., 

SiM l a 

ffppliQatime of the mlationshiv = x 



8%n 



n 



1 



A very meful fom of SnelVs Im for problem solvir^ 



is sin 0^ = ain 
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A mediinn of relatively higher index of refraction is 
sometimes said to have a greater optical density. 

Snell’s law may he developed when refraction of 
ttght is “Studied, - ; ' ; 

Quantitative work with refraction is difficult in a 



Supplemei 



Topics 



2, Speed and 
refraction 



C. Diffraction 



D, Interference 



1. Super- 
position 



a. Construc- 
tive in- 
terference 



b. Destruc- 
tive in- 
terference 



2. Two sources 
in phase 
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Understandings and Fimdamental Concepts 



When a wave enters a new medium and 
there a decrease in speed, the 
wave bends toward the nonnal. 



When a wave enters a new medium and 
there is an increase in speed, the 
wave bends away from the normal. 



Diffraction is the 
wave into the region be 
obstruction. 



an 



Interference is the effect produced 
by two or more waves which are 
passing simultaneously through a 
region, 



The resultant disturbance is the 
algebraic sum of the disturbances 
due to the individual waves. 



Maximuiii constructive interference 
occurs at points where the two waves 
are in phase. 



Maximum destructive interference 
occurs at points where the phase 
difference is 180®. 



Two wave sources operating in phase 
in the sane medium produce wave 
trains that will fom symmetrical 
interference patterns where they 
cross each other. 



Destructive interference occurs at 
points where the path distances to 
the two sources differ by an odd 
number of half wavelengths , 



Since the frequency of the 
source, the change in veloc 
a change in the wave- long tl 



From the geometry of the r( 
wave fronts, teachers may \ 



sin6 



1 = 






sin6 



x: 



This concept may be explai; 
principle . 



If the component disturbm 
the resultant disturbance 



Destructive interference i 
diffexenci between the wav 
are the same, 






Where two crests or two ti 
or trough of increased anp 
interference) , Where a ti 
a point of minimum disturl 
interference) . Nodal lii 
interference and represent 
the path difference to th 
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Understandings and Fundamental Concepts Supplementary Information 

When a wave enters a new medium and Since the frequency of the wave depends only on the^ 
there is a decrease in speed, the source, the change in velocity of the wave results in 
wave bends toward the nonnal. a change in the wave-length. 

When a wave enters a new mediim and 
there is an increase in speed, the 
wave bends away from the normal. 



This concept may be explained in terms of Huygens ' 
principle. 



Diffraction is the spreading of a 
wave into the region behind ai 
obstruction. 



From the geometry of the refraction of two successive 
wave fronts, teachers may wish to show that 
sin9 ^ H - ^1 



Interference is the effect produced 
by two or more waves which are 
passing simultaneously through a 
region. 

The resultant disturbance is the If the component disturbances are vector quantities, 

algebraic sum of the disturbances the resultant disturbance is a vector sum. 
due fo the individual waves, 

Maximum constructive interference 
occurs at points where the two waves 
are in phase. 

Maximum destructive interference Destructive intirference is complete when the phase 

occurs at points where the phase difference between the waves is 180° and their amplitudes 

difference is 180°. are the same. 

Two wave sources operating in phase Where two crests or two troughs come together, a crest 

in the same medium produce wave or trough of increased amplitude is formed (constructive 

trains that will form symmetrical interferenci) . Where a trough and a crest come together 

interference patterns where they a point of minimum disturbance results (destructpe 

cross each other. interference). Nodal lines result from destructive 

Interference and represent the loci of points where 
Destructive interference occurs at the path dlffersnce to the source is (n * ^) X. 
points where the path dista 
the two sources differ by a 
number of half wavslengths, 
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Understgndings and Fundamental Concepts 



Topics 

3. Standing 
waves 



a. Reflec- 
tion 



IV, Light 



*A. Speed 



1 , In space 

2. In a 
material 
mediiM 



B. Reflection 
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Standing waves are produced when two Standin 
waves of the same frequency and with th 

amplitude travel in opposite direc- string 
tions in the saine medium. 

Standing waves are most commonly pro 
duced by the reflection of a wave 
train at the fixed boundar;/^ of the 
medium , 

Qucavb'ti 



When th 
occurs 

reflect 

generat 



Stress 

lengths 



Light is an electromagnetic disturb- 
ance that caii produce the sensation 
of sight. 

Hie speed of light is equal to the Various 
product of the frequency mid wave- may be 
length. 

Minimum 

appliaa 



The speed of light in space is an An appij 

important physical constant. speed o 

The speed of light in a material The spe 

medium is dependent on the frequency its spe 
and the medium, ; ? 

The speed of light in a medium is ‘ 
always less than its speed in a 

vacuimi.-:::-^^.'.' 



Light may be reflected^ 



here . 
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Understandings and Fundamental Concepts Supplementary Information 

Standing waves are produced when two Standing waves in a stretched string may be shown 
waves of the same frequency and with the aid of a sonometer. Paper riders on the 

amplitude travel in opposite direc- string will show the location of nodes aiid antinodes, 
tions in the same medium. 

Standing waves are most commonly pro- When the mediian is limited such that reflection 

occurs at both ends, and the distance between the 

reflecting surfaces is , striding waves are 
generated. 

Qumtiiatim irea^mt is not required. 

Stress that in any specific case, only specific wave- 
lengths are pemitted. 

Light is an electromagnetic disturb- 
ance that can produce the sensation 
of sight. 

The speed of light is equal to the , Various methods used for measuring the speed of light 
product of the frequency and wave- may be discussed. 

length. 

Minimm qumtitatim requirements >xre limited to 
applioatian of the relationships q = fX, 

The speed of light in space is an ks appreciation of the magnitude aid Importaice of the 

important physical constant, speed of light should be deve loped. 

The speed of light in a material The speed of light in air is approximately the same as 

medium is dependent on the frequency its speed in vacuum. 

,and;the.medi™. , v .v;;,,*';/ v 

The speed of light in a > / ^ ^ 

, ^ always, :(lessuthan--its; speed, in: a ^ , 

vaCiium.’ ro'A: I ^ ^ .r u/- ^ ^ 

Light may be: reflected,' ^ ; • , :v,;,^e>definition ;and ;metho rays are appropriate 



duced by the reflection of a wave 
train at the fixed boundaiy of the 
medium. 
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Topics 



1, Law of 
reflection 



2, Regular 
reflection 



S, Diffuse 
reflection 



C. Refraction 



01. Index of 
refraction 




Understandings and Pundamental Concepts 



The incident ray, the reflected ray, 
and the normal to the surface at the 
point of incidence are in the same 
plane, 

The angle of reflection is equal to 
the angle of incidence. 

Regular reflection is reflection 
produced by polished surfaces, 
usually producing an Image of the 
source , 

The image fontied by a plane reflect- 
ing surface is virtual, erect, and 
the same size as the object; object 
and image distances are equal, 

Diffuse reflection is the scattering 
of light caused by reflection from 
irregular surfaces. 

Light crossing a boundary obliquely 
is refracted if its speed changes. 



The index of refraction of a medium : 
is the ratio of the speed of light in 
a vacuum to its speed in the material 
medium. 




The law of reflection 
in the construction o 



The law of reflection; 
since the surface is 
surface are not paral 
scattered. 

The relationship betw 
refracted ray is desc 

The reversibility of 

The speed of light Ir 
speed in free space . 
redaction of air car 



apptiQdMons of Snet, 
■ vetdMonshipg v - 



Understandings and Fundamental Concepts 



Supplementary Infonnation 



The incident ray, the reflected ray, 
and the normal to the surface at the 
point of incidence are in the same 
plane. 



The angle of reflection is equal to 
the angle of incidence. 

Regular reflection is reflection The law of reflection and ray diagrams should be used 

produced by polished surfaces, in the construction of plane mirror ifflages, 

usually producing an image of the 
source. 



The image formed by a plane reflect- 
ing surface is virtual, erect, and 
the same size as the object; object 
and image distances are equal, 

The law of reflectiqn holds for each light ray, but 
since the surface is irregular, the nomals to the 
surface are not parallel and the reflected light is 
scattered. 

Light crossing a boundary obliquely The relationship between the Incident ray and the 

is refracted if its speed changes. refracted ray is described by Snell's law. 



Diffuse reflection is the scattering 
of light caused by reflection from 
irregular surfaces, 



The reversibility of light rays should be stressed. 



The iridex of refraction. of a nearly equal ^ to, its 

is the ratio of the ^eed of light in . spee^^ free space. , For most pui^oses fhe index of 
a vacuian to its speed in the material refraction of air can be taken as unity, 
mediiDn, - ■ ,, ■■ ^ 
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Topics 

’riti( 
angle 



3» Total in- 



D. Lenses 



1 * Converging 
lenses 



=■ ■ .M. = ■ ; ' - J--V ^ 



a. 



Understandings and Fimdamental Concepts 



The critical angle is the angle 
incidence for which the angle of 
refraction is 90°. 



This can 



velocity 



Mvnimim 



Total intemal reflection occurs when 
light is incident on a surface at an 
angle greater than the critical angle.. 



is the separation of poly- 
light Into its coniponent 
as the light enters a 
medium obliquely. 



Polychromatic light contains waves of 



In a material medium each 
has its own index of 
therefore, polychromatic light may be 



Requimm 



A converging lens is one that is 
thicker at the middle than at the 
edges and converges parallel rays of 



This is 

is great 



‘V'-‘ ‘ ■ ■ ys 



Convergirig lenses can fonn both 
real arid virtual Images, 



The char 
by drawi 



A real m two or 

more rays leaving t bn© ipbj^e 

meet at a correspon^ng i^ point . 



Real Ima 









Understandings and Pimdainental Concepts , Supplement ary Infonnation 

llie critical aigle is the angle of 11111 can occur only when the angle of refraction is 
incidence for which the an|le of greater than the angle of incidence; that is, when the 

refraction is 90°. velocity of the light increases. 



Uinimm qumtiiative mquimmmta am limited to 

applioatiom of the velationship sin 0 - - • 

‘ on 

Total internal reflection occurs when 
light is incident on a surface at an 
angle greater than the critical angle,,. 

Dispersion is the separation of poly- Differences in frequency of light waves affect the eye 
chromatic light into its component as differincis in color, 
wavelengths as the light enters a 
dispersive medium obliquely. 

Polychromatic light contains waves of 
different frequencies. 



In a material mediimi each frequency 
has its own index of refraction; 
therefore, polychromatic light may be 
dispersed. 



Requimments <m limited to thin lenses in dr. 



A converging lens is one that is 
thicker at the middle than at the 



edges and converges parallel rays of 
light..,: . ■ ■ 

Converging lenses can form both 



real and virtual images . 



A real image is fomed when two or 
more rays ) leaving one. ^ 
meet at: a correspohding ifflage 



This is true if the index of refraction of the lens 
is greater than that of the surrounding medluiii , 

Hie characteristics of the image should be obtained 
by drawing ray diagrams. 

Real images may be projected on a screen. 





1 --. 









* b. Size and 
distance 
of 

images 



ttaderstandings and Pundamental Concepts 



SuEEi 



A virtual image is subjective in that 
it appears to form where an image 
could not possibly exist because r®ys 
do not actually intersect at the 
image point. 



The size and location of the|image 
can be calculated from the focal 
length of the lens aid the position 
and size of the object, 



Virtual image i cannot be £ 

When a bimdle of rays whic 
source passes through an o 
incident on the eye as a d 
then focusisd on the retina 
the rays as coming from th 
cone, Ihe virtual image e 



observer’s eye. 



Mintmww quontitccbive vequi 



use of pc^ Magmns i 
1 

re IqiionsHpSi ^ + 



id tc 

L 

di 



The sign conventions sped 
left of the lens, and the 
of the leriiS as positive, 
focal length is positive. 



2. Diverging A diverging lens is one that is Only ray diagrams are raqu 

lenses thinner at the middle than at the 

edge and diverges parallel rays of 
light, 

A diverging lens can produce only a 
virtual image. 



. Wave nature of Much of the behavior of light can be 

light ^ ^ intei^reted in teras of wave 

phenomena, 

1. Interference Interference phenomena The Cornell slit-film may 

^ of interference phenome^^^ 

. produced by light. Therefore, ^^^1^ 

has wave properties. 

.^. Coherent Sources that produce wwe|!-with^^^^ Lasers produce coherent li 

M constant phase relation^ are ^ 

be coherent. - ' ^ 




iderstaidings and FmdaBiBntal Concepts 

\ virtual image is subjectiyi in that 
Lt appears to fom where an image 
could not possibly exist because rays 
lo not actually intersect at the 
image point. 



Supplementary Information 

Virtual images cannot be fomed on a screen. 

Mien a bundle of rays which originated at a point 
source passes through an optical system and is 
incident on the eye as a diverging cone of rays and 
then focused on the retina, the observer interprets 
the rays as coming from the vertex of the diverging 
cone, Hie virtual image exists by virtue of the 
observer's eye, 



The sise and location of the image 
can be calculated from the focal 
length of the lens and the position 
■d size of the object. 



Minimm qumtitabive mquimmnts are Imited to the 

me of toy di^tms md to c^ptioabions of the 

•? j. • 1 • i 1 j So djo 

mlaUmehvpB, ^ ^ j md ^ 



The sign conventions specify the object position on the 
left of the lens, and the image position on the right 
of the lens as positive. For converging lenses the 
focal length is positive. 



K diverging lens is one that is Only ray diagrams are required for diverging lenses , 

thinner at the middle than at the 
sdge and diverges parallel rays of 
light. 

\ diverging lens can produce only a 
drtual image, 

luch of the behavior of light can be 
Interpreted in terms of wave 
ihenraiena. 



[nterference phenomena can be The Cornell slit-fi^^^^ may be used to observe various 

iroduced iraly by waves, 

[nterftrence pattenis may be 
iroduced by light. Therefore, light 
las wave prOTerties, ; v 

jources that produce Lasers produce coherent light . 



constant pnase relation, are said to 



>e 
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Iftiderst hidings and pundaxaental Concepts 



*b. Double 
slit 



Light from two coherent point sources 
produces a stationary interference 
pattern. 



Young produced twp co 
from a single source 
crucial experiment le 
wave theory of light 



Mnimm qwHi 


'■.(Xtive 


appUaqtions oj 


P the r 



Diffraction gratings ■ 
presented at this tim 



c. Single 



Light from a point or line source is 
diffracted and produces Interference 
patteiiis when passing through a single .h 
narrow slit, !b 



center* lin 



The width of the central maximui 
varies directly as the wavelength 
and inversely as the width of the 




Diffraction pattern f 



Minimm reqidr&mmts 
diffraation pabtem 
mong wcwel&riigth^ Bli\ 
paitem. 



d. Resolution 



Wien light passes through an opening 
of limited size it is diffracted. li 
two sources are close , their dif- 
fraction pattems may overlap. 



The resolution of an optics instru- 
meht is a to 
separate images of objects that are 
close together. 



This places a theoret] 
possible with an optil 



The resolution varies directly as 
the diameter of the ope^^ 






o 
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aderstandings and Fundamental Concepts 

Light frora two coherent point sources 
produces a stationa^ interference 
pattern. 



Supplementary Information 

Youni produced two coherent sources by passing light 
from a single source through a double slit. This 
crucial experiment led to the general acceptance of the 
wave theory of light. 



Mnimm qwtibatim mquiTemnts ots IMted to 
apiglioatims of the mlatiomhip n X - d where n - 1* 

L 



Diffraction gratings and the spectroscope may be 
presented at this time. 



Light from a point or line source is 
diffracted and produces interference 
patterns when passing through a single 
narrow slit. 

■nie width of the central maximum 
varies directly as the wavelength 
and inversely as the .width of the 
slit, 




Diffraction pattern for monochromatic light. 

Minim reqidrenmts cm timited to recognition of the 
diffrafftion pattern md qmUt(^ive mlatimships 
cmong wcmeUngthj sUt widths md the dif fraction 
pattsm. 



Wien li^t passes through an opening . 

of limited size it is diffracted. If 

two sources are close, their dif- ^ 

fraction patterns may overlap. 

■nie resolution of an optical instru- This places a theoreticai limitation on the magnification 

ment is a measure pf its ability to possible with an optical Instrument. 

separate imagis of objects that 

close together; . . . . 

The resolution varies directly as ' 
the diameter of the gening, 







Topics 



Ufaderstandlngs and Fundanental Concepts 



e, Tliin 
films 



2 . Transverse 
nature of 
light 

F. Electromagnetic 
radiation 



1. Electro- 
magnetic 
spectrim 




Interference effects, produced by 
thin films, are caused by a differ- 
ence in the optical paths of light 
reflected from the two surfaces of 
the film. 



MinimiM requ' 
ideniioal ph 
the film 3 fo: 




Maximimi constructive interference If change of 
occurs when the path difference is should be ini 
Ml even mmber of half wavelengths. studied. 



nie polarization of light waves is 
evidence of their transverse nature. 



Electromagnetic radiations are trans- The developme 
verse wave disturbances that are electric and 

propagated through space with the 
speed of light. 

Electromagnetic radiations are 
generated by accelerating charged 
particles. 

The electromagnetic spectnM includes Hie di visions 
radio waves, infrared, visible light, ranges of fre 
ultraviolet, x-rays, aid gamma rays, derived from 

frequency rar 

The different effects on receivers As the freque 
are due to differences in frequency. radiation bee 

Light is a small portion of the 
electromagnetic spectrum. 

Mnmm vequi 
stmdings of 
md pTopertie 
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Mderstandings and Fundamental Concipts 



Supplementary Infoiiation 



Interference effects, produced by 
thin films, are caused by a differ- 
ence in the optical paths of light 
reflected from the two surfaces of 
the film. 



Minmm mquimmnte m Imited to films in whioh .. 
id&ntioal phme shifts ooaw? at both swefaGes of 
the fUm^ for normal inaidenoe md mmoahrmatiG 
light* 



Maximum c astructive interference If change of phase on reflection is considered, it 

occurs when the path difference is should be introduced when pulse reflection is 

an even number of half wavelengths, studied, 



TTie polarization of light waves is 
evidence of their transverse nature. 



Electrraiapetic radiations are trans- Ihe development of this concept may be delayed rnitil 
verse wave disturbances that are electric and magnetic fields have been studied, 

propagated through space with the 
speed of light. 

Electromapetic radiations are 
generated by accelerating charged 
particles. 

The electromagnetic spectrvmi includes The divisions are not well defined, but rather represent 
radio waves, infrared, visible light, raiges of frequency which overlap. The names were 

ultraviolet, x-rays, and ganmia rays. derived from the types of sources as well as from the 

frequency ranges. 

Hie different effects on receivers As the frequency increases, the wave nature of the 
are due to differences in frequency, radiation becomes less apparent. 

Light is a small portion of the 
electrcmiapetic spectrijm.^^^^^ ^ ^ ^ 

stmMngs of/^ r^aM^e,^ 

; / ' md properties BpeQtrm,: 




o 
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Understandings and Fundamental Concepts 

Electromagnetic radiation may be 
produced by various sources. 



Continuous spectra are produced by 
incandescent solids and liquids and 
by incandescent gases under extremely 
high pressure. 

Line spectra are produced by luminous 
gases and vapors at low pressures. 
Line spectra originate in the atoms 
of the chemical elements , 



3. Doppler 
effect 



If the distaice between the source 
and the receiver is increasing , there 
is a decrease in the observed 
frequency. 
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Blectromagnetic radiations eadiibit 
the Doppler effect. 



If the distance between the source 
and the receiver is 
is an increase in 



2. Sources of 
electro- 



a. Con- 
tinuous 



b , Line 



Other types 
of closely 
produced, 
molecular 



Since the s 
the observe 
fX = c. 

Some types 



The radial 




'Ihe speed G 
the Doppler 
it trahsmit 

When radar 
frequen^^o 
object -is 

Th e f 

results in 
due to a Do 
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UnderstaJidlngs aJid Fimdamental Concepts Suppleienta^ Infomation . 

of Electromapetic radiation lay be 

i- produced by various sources . 

.c 

on 

Continuous spectra are produced by 
lous incandescent solids md liquids aid 
tra by incandescent gases under extrenely 

high pressure. 

Line spectra are produced by luiinous Other t)^es of spectra, called band spectra, consisting 
tra gases and vapors at low pressures, of closely spaced spectral lines, are sometimes 
Line spectra originate in the atoms produced, They have their origin in molecules or 
of the chemical elements, molecular ions. 



Electromapetic radiations exhibit Since the speed is constant in space, the changes in 
the Doppler effect, the observed frequency and wavelength are such that 

If the distance between the source 

and the receiver is decreasing, there Some types of radar depend on the Doppler effect. 

is an increase in the observed 

frequency. 



If the distance between the source 
md the receiver is increasing, there 
is a decrease in the obse 
frequency. 



‘i 





TOe speed of an earth satellite may be detemined from 
the Doppler shift in the frequency of the radio waves 
it transmits, 

Mien radar waves are refiected from a moving obj ect , the 
ftequenc)r;of the reflected wave is ihcre^ 
object is ja^f oakling the receiver, 

The random motion of molecules , in a gas disdiarge ti^e 
results in a spreading of each observed spectral line 
due to a Doppler shift. 



Is 

I, Static 




motion . 



A. Micro- 
structure of 
matter 





iV. 
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The basic unit of molecular structure 
is the atom. 



Since this 
7-8-9 and 
atomic str 



Three of the units of which atoms are 
composed are electrons, protons, and 
neutrons. 

Electrons are negatively charged, 

protons are positively charged, and 
neutrons are neutral. 

The protons and neutrons are found in 
the nucleus of the atom. 

The electrons are found outside the 
nucleus. 

Neutral atoms have equal numbers of 
electrons and protons. 

Protons in 
forces. P 
explain wh 
f erred in 

I 

The elect] 
proton tht 
are equal 
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Protons are not readily removed from 
the nuclei of atoms. 



ELECTRICITY 

Understandings and FundMiental Concepts Supplementary Information 

Static electricity deals with The term 'at rest' indicates that the net flow of 

electrical charges at rest, charge in any given direction is zero. It should not 

be implied that the charges themselves are not in 
motion. 

The basic unit of molecular structure Since this material is usually covered in science 

is the atom. 7»8=9 and in chemistryj only a brief review of 

atomic structure should be necessary at, this point. 

Three of the units of which atoms are 
composed are electrons, protons, and 
neutrons. 

Electrons are negatively chM’ged, 
protons are positively charged, and 
neutrons are neutral. 

The protons and neutrons are found in 
the nucleus of the atom. 

The electrons are found outside the 
nucleus . 

Neutral atoms have equal nikbers of 
electrons and protons. 

Protons are not readily removed from " Protons in the micleus are^"^^ together by nucl ear 
the nuclei of atoms. forces. Protohs are' relati^^^ 

explain why electrons rather than protons are trans- 
ferred in a chargw^^^^^ 

The electron has the; smallw^ 

V proton the "sMilest pbwtive These charges 

are equah 
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Understajidings and Fimdajnental Concept s 

An object which has a deficiency of In genera 

electrons is charged positively* one of electr 

which has an excess of electrons is 
charged negatively; and one with an Use the e 

equal manber of electrons and protons of an ele 
is neutral . 

Unlike charges attract and like 
charges repel. 

C. Transfer of Charges may be transferred from one 

charges object to another. 



Topics 

B. Charged 
objects 



1. Conservation 
of charge 


The net charge in a closed system is 
constant. 


This fundi 

It may be 
Pair prodi 
charge , 


2. Separation 


When dii 


fferent neutral objects are 


This is us 


of charge 
by contact 


brought 

transfei 


together, electrons may be 
'red from one to the other. 


contact , : 


3. Conduction 


A neutrs 


l 1 object may become charged 


. 




by conta 
M ob j ec 


Lct with a charged object , 
;t charged by conduction 





’ ■ acquires the same^^^^k^^ as 

4. Induction Induction isT a A neutral 

charged bbject^ c^ because o 

, object. 

0^^ without contact . 



M object may be ch 

by yte^pra^ily grounding^^ it 

, ■ ect . Jit M 

: opppsite to that of the charglhg^^ 





Underst^dings and Fundamental Concepts 

M object which has a deficiency of 
electrons is charged positively; one 
which has an excess of electrons is 
charged negatively; and one with an 
equal number of electrons wd protons 
is neutral, 



Supplementary Infonnation 

In general 5 matter becomes charged through a transfer 
of electrons, 

Use the electroscope to show the presence and nature 
of an electric charge. 



Unlike charges attract and like 
charges repel. 

Charges may be transferred from one 
object to mother, 

The net charge in a closed system is This flmdaniintal law should be stressed, 
constant. 

It may be pointed out that this law applies universally. 
Pair production is an example of conservation of 
charge , 

Mien different neutral ohjeet^’'‘®e..,,.^^_ This is usually accomplished by rubbing to increase 
brought together, electrons-inay be 
transferred from one to the other. 

A neutral object may become charged 
by contact with a charged object, 

An object charied by conduc 

acquires the same kind of charge as . : 

the chargihg: object. > ^ 

Induction iS;a M which • 

chmged object dauSes^ n^^^^ because of a redistributiori of charge on the neutral 

bution of the charges of another ^ ' 

object without contact,; ... , : 

An object may be cHwged'by ih^ 

by temporarily groimding it while > , ; 

is near to, but not touc^^ 

. charged :object,;K.;:It;aeq^^ V: 

that of the diaiging object, ^ 



Topics 

D. Elementary 
charges 



E, Quantity of 
charge 



H F. Coulomb's 
law 








Understandings and Fundamental Concepts 

My charge is made up of integral Evidence for the gi 

multiples of a minimum charge called of charge will be s 
the elementary charge, an electric field 1 

The charge of the electron is one 
negative elementary charge. 

The charge of a proton is one positive 
elementary charge. 



The quantity of charge a body 
possesses depends on its excess or 
deficiency of electrons. 

The unit of charge In the MKS system The coulomb is def: 
Is the coulomb. will be considered 

One coulomb repress 

IQ 

6.25 X 10 elects 

has a magnitude of 
QonBimts need not 
of thsiT magnitude 



The force between fixed point charges 
is directly proportional to the 
product of the charges and inversely 
proportional to the square of the 
distance between them. 

When a charged ob j ect is brought ne ar‘ 
topther charged object , a force acts 
on each object. 

^ ' Charged, -pbj ect s^ 

" /'’’r.' ' , .when' ' they;,, axe :'smai 







Minimum qimttitabi 




2 * 



mately 9 x l(P ^ 
nik. 



Understandings and Fundaiental Concepts Supplementary Infomation 

Any charge is w>*de up of integral Evidence for the granular nature 

multiples of a minimimi charge called of charge will be studied after the concept of 

the elementary charge, an electric field has been introduced, 

The charge of the electron is one 
negative elementary diarge. 

The charge of a proton is one positive 
elementary charge. 

The quantity of charge a body 

possesses depends on its excess or ^ . 

deficiency of electrons. 

The unit of charge in the MKS system The coulomb is defined in terms of the ampere which 
is the coulomb, will be considered in a later section, 

One coulomb represents an excess or deficiency of 
18 

6,25 X 10 electrons. The elementary chargej ej 
- -19 

has a magnitude of 1,6 X 10 coulomb, ffhese 
aonstmts nsed not rnmoHMedi hut cn c^pHcdatian 
of ihew m^itu^ Mould he d$m 

The force between fixed point charges 
is directly proportional to the 
product of the charges and inversely ; 
proportional to the square of the - 
distaice between them. 

When a charged object is brought near 
another chMged. object i a 
on each object. 

, : v; , .^ Gharged 'objects :inay be 

; V ''U | when tKey are ’’sm uoi^afed to the-'d^^^ 

■'V: ."them. \ 




Minimm qumtitative ■ mquirenients am Umited to 
o^UoMm of Me mU^on0^t 

Of F Ihe valm of 1<, c^prod- 



mmdmd. 



Topics Ihiderstandings md Fundamental Concepts Supp] 

0G, Electric An electric field is said to exist in 

fields my region of space in whidi an 

electric force acts on a charge, 

An electric field exists around every Similarity between e] 
charged object. The electric field charge or a un3fonil> 
intensity is a vector qumtity, gravitational field s 

From the relation E « 

exerted on a charge i 
product of the diarge 
the MKS system the un 
comparison, the gravi 

Cg - can be expres 

For any charged condu 
to its surface. 



The magnitude at a point, is equal 
to the electric force per unit charge, 
The direction of the field is the 
direction of the force on a positive 
charge . 



Uinirnm qumtitative 
c^plioations of the i 



1. Field aroimd The field around a point charge is The field aroiaid a m 

a point radial. to that of a point ch 

charge 

The intensity of t^ Ihis inverse square 1 

inversely with the square of the ej^erlmentally to a h 

distance from the point charge , i 

The field around a charged conducting 
sphere acts as though ail the' charge 
were concentrated at the center, The 

, ' sphere.;ls;.;Zero.;/ "'I' 



2, Field arbuhd 
a imiformly 
" : charged rql 






■V'; 



The field ardimd^^^^ charged 

; rod is radially'tdirectel md i^ 

■ infens ity^ varies the 

disfahce 



It should be pointed 
not follow the invers 





ierstandlngs and Pundainental Concepts 

m electric field is said to exist in 
my region of space in which an 
^ectric force acts on a charge, 

In electric field exists aroimd every 
:harged object. The electric field 
Intensity is a vector quantity. 

rhe niagnitude at a point , is equal 
:o the electric force per unit charge, 
The direction of the field is the 
lirectlon of the force on a positive 
charge. 



rhe field aroimd a point charge is 
radial, 

rhe intensity of the field varies 
.nversely with the square of the 
iistance froni the point charge. 

Tie field around a charged conducting 
;phere acts as though all the charge 
/ere concentrated at the center . The 
:ie Id within a charged conducting 
sphere is zero. 

The field; around a uniformly charged 
rod is radially directed and its 
intensity varies inverseiy with the 
iistmice the rod, ; ; 







Supplementary Information 



Uinirm qumUtative vequimmnte am Imited to 

F 

applioations of the mlationship ^ ® ”* 



Similarity between electric field around a point 
charge or a uniformly charged spherical body aid the 
gravitational field around a sphere may be pointed out, 

F 

From the relation B = - , it follows that the force 

q 

exerted on a charge in an electric field is the 
product of the charge and the field intensity, In 
the MKS system the unit for E is in nt/coul, In 
comparison, the gravitational field strength 
F 

Cg = -3 cai be expressed as newton/kilogran. 



For any charged conductor, the field lines are noimal 
to its surface. 

The field around a uniformly charged sphere is similar 
to that of a point charge, 

TTiis inverse square law relationship has been verified 
ej^erimentally to a high degree of accuracy. 




It should be pointed out 1 that this relationship does 
not follow the inverse square law. 



4S 






3. Field 
between two 
parallel 
charged 



4. Electric 
potential 



H, Potential 
:erence 



*1. The volt 






Understandings and Fundamental Concepts 



The field between two parallel 
charged plates is essentially unifoMi 
if the distance between the plates 
is small compared to the dimensions 
of the plates. 



The essentially u 
parallel plates p 
*e on a given 



The electric potential at any point 
in an electric field is the work 
required to bring a unit positive 
charge from infinity to that point. 



When a charge is 
electric field, w 
potential energy 
When the charge m 
is done by the fi 
charge is decreas 
In both cases ene 



The similarity be 
potential energy 



The potential difference between 
two points in an electric field 
is the change in energy per unit charge 
as a charge is moved from one point to 
the other. 



The MRS unit of electrical potential 
is the volt. 



Mmimm 

applioaHonB of i 



The volt is a potential difference 
that exists between*; two^^^p 
joule of work; isijrequiw^ 
bne ;COul(^ 

to the other agalrist the electric 
force. 



V 



Qoulmh 






*2. The electron An electron volt is the energy 



volt 



;-Kv 



required to move ono el)pffnta^ 



Minimm qumHim 
€[p0^q€Mom of 



iChwgU through U potential' differ enc 
uf^one '^voltv 



8 ^ 



eleoivon 



elmmtm 



" - 
' 3: 



1 eleaivon VoVt i 

1,60 X 



m 

■ ' .. 31':- 



Tlmse values neet 



Understandings and Fundaiiiental Concepts Supplementary Information 

The field ‘between two parallel The essentially uniforai nature o£ the field between 

charged plates is essentially uniform parallel plates produces a very nearly constant 

if the distance between the plates force on a given charge placed anywhere in the field 
is small compared to the dimensions 
of the plates. 



The electric potential at any point 
in an electric field is the work 
required to bring a unit positive 
charge from infinity to that point, 



Iflien a charge is moved against the force of an 
electric field, work is done on the charge, and the 
potential energy of the charge is increased. 

When the charge moves in response to the field, work 
is done by the field and the potential energy of the 
charge is decreasid. 

In both cases inergy is conserved, 

The similarity between electric and gravitational 
potential energy should be noted. 



'Hie potential difference between 
two points in an electric field 
is tb change in energy per unit charge 
as a charge is moved from one point to 
the other. 



The MKS unit of electricai potential 
is the volt, 

The volt is, 4 potentlai difference 
that exists between two poin^ if one 
joule of work:, is^ require 
one coulto of chargelfTOT point 
to the other against the electric 
;force.V^■^:; 



M electron volt is the energy 
required; tOvmpye one: elMentary 
charge through a ipotentlal: difference 
of one volt. , ' 
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WiMm m are twUed to 

appUaaUom of the mtaHonahi^ 

' ■ QQulamh 

■ • 



■■ ■f.A' 



m^irmer^s ape Imited to 
elmentapy ohopge 

1 eleotpon ^vo^t ^ 1,60 X 10 goide 
■ en ai, : 1 n^lO 4miT.a :■ ■■ • 

TvoU 



These: 'oalm 






II. 





Understandings and pundamental Concepts 



*3, Electric The intensity of an electric field The relal 

field in may be expressed in tenns of the shown as 

terms of change in potential/unit distance . 

electric (volts/meter ), Volts ® | 

potential 

Volts f r 
meter ^ c 

Minimm c 
relatione 



Granular nature 
charge . The 
Millikan 




Electric 

current 



A. Conductivity 
\ : in s 




= ■■■ ' > . ■; 




Millikan measured the forces on 
charged oil drops in a uniform 
electric field* He found that the 
electric forces were always integral 
multiples pf a small constant. Since 
the force is proportional to the 
charge^ it follows that; th^r^ 
fundamental imit of char^ 



The fund^ 
is the cl 

equal to 



An electric current is a flow of 
electric charge. 




Solids vary;, in their ability to 
conduct an electric current . 



Since .th( 
use of SI 

./ which;;' if ( 

. ; ... - . ,rf . 

■ ■ ■ ■ 




The^ conductivity "of solids depends on . In gener 
the ■ hiimb ef ; of free ch 

volume.; ‘\V‘; • ,;/• ■' . 





Understandings and Fundamental Concepts 



Supplementary Infonaation 



The intensity of an electric field 
may be expressed in terms of the 
change in potential/imit distance 
(volts/meter ) . 



Tlie relationship between v/m and nt/couL may be 
shown as follows 

Volts = = 2^ 

^ coul. coul, 

Volts ■ nt. 
meter " coul, 

Uimm qumiitative requivements am limted to the 

_ _ y 

relabionshipj ^ ^ 



Millikan measured the forces on 
charged oil drops in a uniform 
electric field. He found that the 
electric forces were always integral 
multiples of a small constant. Since 
the force is proportional to the 
charge, it follows that there is a 
fundamental unit of charge. 



The fundamental imit of diarge (the eltmentary charge) 
is the charge of an electron or proton and is 
-19 

equal to 1,6 x 10 , coulomb. 



An electric current is a flow of Since the word ''current'' means a flow of charge, the 

electric charge. use of such phrases as "current flow" is, strictly 

speaking, redundant, However, the use of terms 
which are in general use may clarify concepts. 



Solids vary in their ability to 
conduct an electric current. 



The conductivity of solids depends on In general, metals are good conductors of electricity 

the number of free charges per unit and nonmetals are poor conductors, 

volume. 
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Topics 



B. Conductivity 
in liquids 



C. Conductivity 
in gases 



D. Conditions 
necessa]^ for 
a current 



o 




Understandings and Fundamental Concepts 

Conductors are substances in which 
there are many free electrons, 

Insulators are substances in which 
there are few free electrons. 



Liquids vary in their ability to 
conduct an electric current. 

Many chemical compounds, called 
electrolytes, dissociate in aqueous 
solution into positively and negatively 
charged particles called ions. In 
such solutions both positive and 
negative ions are free to move; 
therefore, the solutions can conduct 
an electric current, 

Ionized gases conduct electric 
current , 

Gases, which are normally composed 
almost entirely of neutral moiecules, 
may be ionized by such means as high 
energy radiation, electric fields, 
and collisions with particles. 

In an ionized gas there may be 
positive ions, negative ions, and 
electrons which are free to move. 

A potential difference is required to 
maintain a flow of charge between two 
points in a conductor. 




tt 



No solid is a perfect 
solids, such as glass 
conductivity is so lov 
they may be considerec 

Some materials whose i 
metals and insulators 



Water is the most comn 
solutions. 

Motion of positive chs 
equivalent to motion c 
other direction. | 

Experiments in electrc 
granular nature of chi 

Ionized gases, known i 
conmion phase of matte: 
found in space outsidi 
stars, the streams of 
and the Van Allen bel' 
of this fourth phase i 
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-standings and Fundamental Concepts 

luctors are substances in which 
•e are many free electrons. 

I 

ilators are substances in which 
fe are few free electrons. 



Sunplementary Information 

No solid is a perfect insulator, but in some 
solids, such as glass and fused quartz, the 
conductivity is so low that, for practical purposes, 
they may be considered nonconductors. 

Some materials whose resistivities lie between 
metals and insulators are called semiconductors. 



dds vary in their ability to 
duct an electric current. 



y chemical compounds, called 
ctrolytes, dissociate in aqueous 
ution into positively and negatively 
rged particles called ions. In 
;h solutions both positive and 
ative ions are free to movej 
refore, the solutions can conduct 
electric current. 



Water is the most common solvent in electrolytic 
solutions . 

Motion of positive charges in one direction is 
equivalent to motion of negative charges in the 
other direction. 

Experiments in electrolysis may be used to show the 
granular nature of charge. 



ized gases conduct electric 
rent . 

es, which are normally composed 
lost entirely of neutral molecules, 
' be ionized by such means as high 
irgy radiation, electric fields, 

[ collisions with particles. 

an ionized gas there may be 
dtive ions, negative ions, and 
ictrons which are free to move. 



lonlzid gases, known as plasma, are the fourth and mos 
conmion phase of matter in the univpe. Plapa is _ 
found in space outside our protectivi atmosphere. _ne 
stars, the streams of ions tha't radiate from the stors, 
and the Van Allen belts around our planet are examples 
of this fourth phase of matter. 



jotential difference is required to 
Lntain a flow of charge between two 
Lnts in a conductor. 
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Topics 

E. Unit of 
current 



F. Resistance 



1. Unit of 
resistance 



2. Resistance 
in conduc- 
tors 



*3, Ohm’s law 





Understandings and Fundamental Concepts 

The unit of current is the ampere. TTi© Mipe: 

It is a fundamental imit, 

A current of one ampere transfers 
charge at the rate of one coulomb 
per sscund. 

Resistance Is the ratio of the AC oonsit 

potential difference across a con- 
ductor to the current in it. 



The MKS unit of resist aice is the ohm. 

The resistance in ohms is the ratio 
of the potential difference in volts 
to the current in amperes* 

The resistance of a conductor of 
imiform cross-section and composition 
varies directly as its length and 
inversely as its cross -sectional area. 



Hie symbs 



This rels 

is the re 
P is its 
cross-sec 
of this 1 

In the ms 
is defini 
1 meter 
or 20 VC 



Generallyj in metals the ratio of 
potential difference to current is 
constant at constant temperature . 
This relationship is known as Ohm's 
law. 



Ohm’s lai 
Ohm’s la 
a genera 
relation 



is of gr 



In vacuu 
elect rol 
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Utiderstandings and Fimdamental Concepts Supplementary Infonnation 

The miit of current is the ampere, The ampere will be defined later imder magnetisiii. 

It is a fimdamental unit, 

A current of one ampere transfers 
charge at the rate of one coulomb 
per second. 

Resistance is the ratio of the AC ooneidemtims ore moludedi 

potential difference across a con= 
ductor to the current in It, 



The MKS imit of resistance is the olm. The symbol "fl'' is used to represent the ohm. 



The resistaice in otas is the ratio 
of the potential difference in volts 
to the current in amperes, 

Tlie resistance of a conductor of 
uniform cross-section and composition 
varies directly as its length and 
inversely as its cross-sectional area, 



This relationship is ej^ressed as R = P= ^ where R 

is the resistance of the given conductor in ohms, 

P is its resistivity, L is its length, and A is its 
cross-sectional area. Only a qmliMive 
of this mlaHmship is mquiv6d» 



In the metric system the resistivity of a substaice 
is definid as the resistance of a cid)e with edges 
1 meter long- at a given temperature (usually 0® C 
or 20® C) , ^ 

Generally, in metals the ratio of Ohm’s law is usually e^ressed mathematically as V ■ IR 

potential difference to current is Olm's law is specific for certain materials and not 

constant at constant temperature, a general law of electricity, However, since this 

niis relationship is known as Ohm’s relationship holds for metallic conductors at constmit 

law, temperature found, in ordinary electric circuits ^ 

is of great practical importmice. 

In vacuum tubes, transistors, gas discharges 
electrolyticicells, the relationship may not he U 
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Topics 

4. Temperature 



G. Conservation of 
charge and 
energy in 
electric 
circuits 



1. Conservation 
of charge 



2, Conservation 
of energy 



Understandings and Fimdanental Concepts 

In general^ the resistance of metals 
increases with increasing temperature, 



The resis 


tance of nonmetals and 


In some materia] 


solutions 


usually decreases with 


the relationshij 


increasin 


g temperature. 


depends upon the 


A circuit 


Is a closed path in 


Mnimm vequiren 


which a c 


urrent can exist. 


Btmding of seri 


Circuit components may be connected 


not be required^ 


in series 


, or in parallel, or in 




combinations of these. 


Internal reaiatc 






However, these c 
laboratory work 






The correct metl' 






and voltage shoi 
aonatmotipn of 



The algebraic simi of the currents 
entering any circuit junction is 
equal to zero. 



The algebraic sura of all the potential This is KirchofJ 
drops and applied voltages aromd a 

complete circuit is equal to zero, For any simple i 

is equal to the 

The relationshi] 
resistance in D 
Kirchoff's laws 



This is KirchofJ 

For any point ir 
entering the po: 
currents leavini 



At extremely lov 
no measurable re 
known as supercc 



I 



Underst^di?.gs and Fmidamental Concepts 

In general, the resistance of metals 
increases with increasing tempiraturs * 

The resistanqe of nonmetals and 
solutions usually decreases with 
increasing' temperature. 

A circuit is a closed path in 
which a current can exist. 

Circuit components may be connected 
in series', or in parallel, or in 
combinations of these. 



The al|ebraic sum of the currents 
entering any circuit jmction is 
equal to zero. 



Supplementary Infomation 

At extremely low temperatures some matirials have 
no measurable resistance. This phenomenon is 
known as superconductivity. 

In some materials, for example, certain semiconductors, 
the relationship between temperature and resistance 
depends upon the temperature range. 

Mninm mquimmnte will b$ limited to m mdBv- 
stmding of aeries md pmlUl aimuits 
individually, S&riea-parallel oorrbinationa will 
not he required. 

Internal reaistmQe md line drop are not required. 
However, these concepts may be discussed when doing 
laboratory work on circuits. 

The correct method of using meters to measure current 
and voltage should be discussed, details of the 
omstmotion of meters are .not required. . 

This is Kirchoff 's first law. 

For any point in a circuit the sum of the currents 
entering the point is equal to the sura of the 
currents leaving it, 



The algebraic sum of all the potential Tills is Kirchoff 's second law. 
drops and applied voltages aroimd a 

complete circuit is equal to zero. For any simple circuit, the sum of the voltage drops 

is, equal to the applied voltage. 

The relationships among current, voltage, and 
resistance in D.C. circuits may he derived from 
' " Kirchoff s laws, and Ohm's law. 
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Topics 

*3. Series 
circuits 



*4. Parallel 
circuits 



*5. Electric 
power 



Understandings and Fundamental Concepts 



A series circuit is one in which there 
is only one- current path. 



In a series circuit Minimm c^t 

® the current is the same in all its c^ptiaatior 
components , vetationaTr. 

® the total resistance is the sum of 
the resistances of its components. 't 

® the potential drops across the 
individual components are pro- ^ 

portional to their resistances, ""t 

® the sun of the potential drops is 
the same as the total applied 
potential . 

A parallel circuit is one in which 
there is more than one current path. 



In a parallel circuit ; 

® the potential drop is the same 
across each branch of the circuit. 

® the total current is the sum of the 
branch currents . 

® the sim of the reciprocals of the 
branch resistances equals the 
reciprocal of the eombined 
resistance. 



Minimm qua 
ccpptiaation 
shipa: 






Electric power is the time rate at 
which electrical energy is expended. 

For conductors which ob ey Ohm ' s law, 
the power in watts is equal to the 
product of current in amperes and the 
potential difference in volts. 



Since the c 
done per ui 

P g joule- 

coul . 
From the ri 

V - IR. T1 



Minwam quc 
> ^pliaaiim 
^ ammnts 



Understandings and Fundamental Concepts Supplementary Information 

A series circuit is one in which there 
is only one current path. 



In a series circuit 
° the current is the same in all its 
components. 

° the total resistance is the sim of 
the resistances of its components. 
° the potential drops across the 
individual components are pro- 
portional to their resistances. 

® the sum of the potential drops is 
the same as the total applied 
potential. 



Mimmm qumtitatim mqdrmmta are IMted to 
applioatione of Ohn -$ Zaw awd the follMing 
mlaiionahipe : 









A parallel circuit is one in which 
there is more than one current path, 



In a parallel circuit 
° the potential drop is the same 
across each branch of the circuit, 

° the total current is the siun of the 
branch currents. 

® the sum of the reciprocals of the 
. branch resistances equals the 
reciprocal of the combined 
resistance. 



Minwm cpdmtitaUve requwemnts are Imited to 
apyliaatione of Ohn-g tca^ md the following relation 
shipe: 



L + i. R i. 



I . I , l 

E r r r 
t 1 2 i 



Electric power is the time rate at 
which electrical energy is .expended. 

For conductors which obey Ohm's law, 
the power in watts is equal to the 
product of current in amperes and the 
potential difference in volts. 



Since the drop in potential represents the work , 
done per unit charge, it follows that, in MKS units. 



joules 



s. 



o 
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sec. sec, 

From the relationship above, P = VI, From Ohm's iaw 

V = IR, Thus, P a A. 

Uinimm ^mtitatim requirementa ca>e limited to 
appUaatione involving relationahipa mor^ power ^ 
mrreni. voltaae. and reaiBtcmei 



Topics Understandings and Ftmdamental Concepts Supp 

Tlie relationship betwe 
power should be discus 

*6. Electric The energy used in an electric circuit Minirmn qumtitative p 

energy and is the product of the power developed apptioations of the re 

heat and the time during which the flow of 

charges persists, Energy trimsferred - V 

Energy in joules may b 
using the constant in 

Point out that this re 
principie of conservat 
be made to Joule's ori 



Convenient forms' are: 

2 V“ 

Q = I Rt, Q = |- and 

1 1 L Magnet ism ITie general properties 

compass should be fami 
of these concepts may . 
this section, 

A. Magnetic force In addition to gravitational and 

electrostatic forces , there is also 
a magnetic force, 

A magnetic force is a force betwien 
charges in relative motion, 

B, Magnetic field A mapetlc field exists in a region Mapetic fields exist ] 

where magnetic forces may be detected, and electric currents. 





i 

iW. V. 
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Understandin^.3 and Fundamental Concepts Supplementary Infoimatlon 



The relationship between electrical and mechanical 
power should be discussed. 

The energy used in an electric circuit Mininm qumUtative mquimmnte are limited to 
is the product of the power developed appUaatione of the mlationahipSj 
and the time during which the flow of 

charges persists. Energy trmsferred ^ Vlt » iRt = Ft, 

Energy in joules may be converted to kilocalories 
using the constant in the reference table, 

Point out that this relationship assumes the 
principle of conservation of energy. Reference may 
be made to Joule’s original work. 



Convenient foms are : 

2 

Q = I^Rt, Q = |t, and Q ^ Vlt, 

The general properties Mid uses of magnets and the 
compass should be familiar to students. A review 
of these concepts may serve as an Introduction to 
this section, 

In addition to gravitational and 
electrostatic forces, there is also 
a mapetic force, 

A magnetic force is a force between 
charges in relative motion, 

A mapetic field exists in a region Mapitic fields exist in the regions around magnets 

where magnetic forces may be detected, and electric currents. ' 







% 
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Topics 

1. Direction 



2. Magnetic 
flux lines 



3. Flux 
density’ 



a. Penie= 
ability 



Understandings aitd Fundamental Concepts 

The direction of the field is^ by 
con’vention, the direction in which the 
N-pole of a compass would point in the 
field, 

A magnetic field is mapped by magnetic The MKS unit of 1 
flux lines (lines of force) , 

Magnetic flux lines are imaginary 
lines useful in mapping a field, The 
lines show the direction of the field, 

Flux lines always form closed paths and 
never cross. 



The flux density is the nimiber of flux 
lines per unit area and is proportional 
to the intensity of the field, It is 
the force exerted per unit current per 
unit length when the current is 
perpendicular to the field. 



For testing purpc 

, newtons 

he , — - 

mpere meter 

Recently, this un 
tesla is T. 



The field strengt 

gauss. A gauss i 

. weber . 

2 IS equa 



meters 



The symbol for fl 
sometimes called ; 

Pemeability is the property of a The permeability 

mat eri al whl ch changes the flux , of a yacuiM which 

density in a magnetic, field frrai its , i 

value in a vacuum, • I 



Understandings and Fundaiental Concepts Supplementary Infoanation 

The direction of the field is^ by 
convention j the direction in which the 
N-pole of a compass would point in the 



A magnetic field is mapped by magnetic The MKS unit of flux is the Webern 
flux lines [lines of force) , 

Mapetic flux lines are imaginary 
lines useful in mapping a field, Hie 
lines show the direction of the field. 

Flux lines always fom closed paths and 
never cross . 



.The flux density is the number of flux 
lines per unit area and is proportional 
to the intensity of the field. It is 
the force exerted per imit current per 
unit length when the current is 
perpendicular to the field. 



For tRsUng purposeg the mits of flm ^nsity will 
h newtons . weiers 
mpem meter squm mster ' 

Recent ly, this imit was named tesla. The spbol for 
tesla is T, 



Ihe field strength of mapets is commonly measured in 
gauss, A puss is the cgs unit of flux density, 

A —it ^ is equal to 10^ gauss . 
meters 



The symbol for flux density is B. Flux density is 
sometimes called magnetic induction. 



Permeability is the property of a The permeability of air is nearly the same as that 

material which changes the flux of a vacuum which is one. 

density in a roipetic field froi its 
value in a vacuum. 
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Topics 

4, Magnetic 
field around 
a straight 
conductor 



5. Magnetic 
field around 
a loop 

6, Magnetic 
field around 
a solenoid 



C. Force on a 
current-carrying 
conductor in a 
magnetic field 



D. Force between 
two straight 
parallel 
conductors 




Understandings and Fundamental Concepts 

The magnetic lines of force caused by 
a current in a straight conductor are 
concentric circles around the 
conductor, in a plane perpendicular 
to the conductor, 

The field of a loop carrying a current 
is such that the faces of the loop show 
polarity. 

The lines of magnetic flux around a 
solenoid emerge from the N-pole of the 
solenoid and enter the S-pole, 

Inside a solenoid the lines of force 
are nearly parallel to its axis and 
perpendicular to its faces. 

The magnetic field streng,h of a 
solenoid is proportional to the 
number of turns, the current, and 
the permeability of the core, 



A force is exerted on a current- 
carrying conductor in a magnetic 
field, if the conductor is not 
parallel to the magnetic flux, The 
force is perpendicular to both the 
field and the current. 

The force between two straight 
parallel conductors in space is 
proportional to the product of their 
currents and inversely proportional ^ 
to the distance between them, 

If the current directions are the 
same, the force is one of attraction, 
If the current directions are * 

54 

39 



Supple 

The direction of the fieJ 
appropriate hand rule. 



The polarity can be detei 
rule. 



A solenoid having a ferrc 
electromagnet. The fielc 
core adds to the externa; 

The field strength of a ! 
its shape. 

The direction of the fore 
considering the increase 
of the conductor (additii 
the other side (subtract: 
the force can also he de' 
appropriate hand rule. 

This relationship is usei 
ampere is defined as tha 
present in each of two p 
length and one meter apa; 

a force of exactly 2 x 1 



Understandings and Fundamental Concepts 



Supplementary Information 

The ‘magnetic lines of force caused by The direction of the field can be detennined by the 

a current in a straight conductor are appropriate hand rule. 

concentric circles around the 

conductor, in a plane perpendicular 

to the conductor. 



The field of a loop carrying a current The polarity can be determined by the appropriate hand 

is such that the faces of the loop show rule, 

polarity. 

The lines of magnetic flux around a 
solenoid emerge from the N-pole of the 
solenoid and enter the S=pole. 



Inside a solenoid the lines of force 
are nearly parallel to its axis and 
perpendicular to its faces. 

The magnetic field strength of a 
solenoid is proportional to the 
number of turns, the current, and 
the permeability of the core. 



A force is exerted on a current- 
carrying conductor in a magnetic 
field, if the conductor is not 
parallel to the magnetic flux. The 
force is pe:cp)endicular to both the 
field and the current. 



A solenoid having a ferromagnetic core is known as an 
electromagnet. The field of the atomic magnets in the 
core adds to the external field, 

The field strength of a solenoid is also affected by 
its shape. 

The direction of the force may be deterained by 
considering the increase of flux density on one side 
of the conductor (additive fields) and the decrease on 
the other' side (subtractive fields) , The direction of 
the force can also be determined by using an 
appropriate hand rule. 



The force between two straight 
parallel conductors in space is 
proportional to the product of their 
currents and inversely proportional ^ 
to the distance between them. 

If the current directions are the 
same, the force is. one of attraction. 
If the current directions axe ■ 
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This relationship is used to define the ampere. One 
ampere is defined as that unvarying current which, if 
present in each of two parallel conductors of infinite 
length and one meter apart in free space, will produce 

a force of exactly 2 x 10 newtons per meter of length. 



Understandings and FundMnental Concepts 



E. Magnetic effects 
of moving 
charges 

E] 1 , Force on a 

moving charge 



2. Force on a 
loop or 
solenoid 

a. The 

galvano- 

meter 



F» Magnetic nature 
of matter 



oppoFite, the force is one of 
repulsion . 



Charges in motion produce magnetic 
fields and are affected by* them. 



The force on a charge moving in a 
magnetic field is proportional to 
the charge, the flux density, and the 
component of the velocity 
perpendicular to the field. 

The directiQn of the force is 
perpendicular to the field and to 
the velocity. 



A single loop or a solenoid carrying 
a current experiences a torque in 
a magnetic field. 

This torque applied to a coil 
provides the basis for the operation 
of the galvanometer and the electric 
motor . 

All substances exhibit magnetic 
properties , 



Understandings and Fundamental Concepts 



Suppleientary Infonnation 



opposite, the force is one of 
repulsion. 



fects Charges in motion produce magnetic 
fields and are affected by them. 



The coulomb is the charge transferred by a current of 
the ampere in one second. 

The force is due to the interaction of the magnetic 
fields of the two currents , 



a The force on a charge moving in a 
large magnetic field is proportional to 



0 - 



Minimm quantitative vequimmnts ave Imited to 
appUmUonB of the relationship ^ F = qvBj where the 
the charge, the flux density, and the j velooity and field ore perpendimlar, 
component of the velocity 
perpendicular to the field. 



The direction of the force is 
perpendicular to the field and to 
the velocity. 



A single loop or a solenoid carrying 
a current experiences a torque in 
a magnetic field. 

This torque applied to a coil 
provides the basis for the operation 
of the galvanomiter and the electric 



A method for determining the direction of the force 
should be presented, 



A moving charge experiences no force when moving 
parallel to a magnetic field; the force is maximira 
when the motion is perpendicular to the field. 



iVo details of the oonstruation of mters acre retired. 



ure All substances exhibit magnetic 
properties, 



o 
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Diamagnetic substances reduce the flux density; 
paramagnetic substances increase the flux density. 
These effects are generally weak except for ferro- 
magnetic substances which are strongly parama|netic. 
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Under standings and Fundamental Concepts 

The field around a permanint magnet 
is due to atomic currents (revolving 
and spinning electrons) . 



L Field arpund 
a permanent 
magnet 



IV. Electromagnetic 
Induction 



o 



Certain natural substance are magnets. 

Magnets may be made. 

Magnets attract magnetic materials. 

The attractive force is concentrated 
at regions known as poles, 

Like poles repel each other and 
unlike poles attract. 

The continuous lines of magnetic 
flux associatei with a magnet emerge 
from the north pole and enter the 
south pole. 

An electric potential is induced 
across a conductor when relative 
motion between the flux and the 
conductor produces a change in the 
flux linked by the conductor. 

The magnitude of the induced potential 
is proportional to the rate at which 
the flux linked by the conductor changes 

If the conductor is part of a complete 
circuit j the induced putential produces 
a current in the circuit. .]i[" 



Atoms of magnetic m; 
microscopic cluster. 

Within a domain, tb 
Normally? thermal ag: 
of the domains. 

In a magnetic field 
of others. 

If the boundaries p- 
the substance is a ■ 



A changing magnetic 
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Understandings and 

The fifild around a pemianent magnet 
is due to atomic currents (rivolvini 
and spinning electrons) . 



Supplementary Information 

Atoms of magnetic materials are grouped in 
microscopic clusters called domains, 

Within a doialn. the fields of the atois are additive. 
Norroally.thenial agitation causes a random arrangemen 

of the domains, 

In a magnetic field, some domains grow at the expense 

of others . 

If the boundaries persist after removal of the field, 
the substance is a permanent magnet. 



Certain natural substance are magnits. 

Magnets may be made. 

Magnets attract magnetic materials. 

The attractive force is concentrated 
at regions known as poles . 

Like poles repel each other, and 
unlike poles attract. 

The continuous lines of magnetic 
flux associated with a magnet emerge 
from the north pole and enter the 
south pole. 

An electric potential is induced 
across a conductor when relative 
motion between the flux and the 
conductor produces a change in the 
flux linked by the conductor. 

The magnitude of the induced potential 
is proportional to the rate at which, 
the flux linked by the conductor changes. 

If the conductor is part of a complete 
circuit, the induced potential 

a current in the circuit. • 4. 

o 
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A changing magnetic field constitutes a loving field. 





Magnitude of 
an induced 
electromotive 
force 



B, Generator 
principle 



Understandings and Fundamental Concepts Su^ 



The direction of the induced current 
is such that Its magnetic field 
opposes the change that induced it. 

The magnitude of an induced electro- 
motive force is directly proportional 
to the flux density, the length of 
the conductor, and the speed of the 
conductor relative, to the flux. 

A conducting loop rotated In a uniform 
magnetic field experiences a 
continual change in the total 
magnetic flux lines linking the loop. 
This change induces a potential 
across the ends of the loop which 
alternates in direction and varies 
in magnitude between zero and a 
maximiun. 



This relationship : 
ixample of the law 



Minimm quaniitatii 
applications of th£ 
the velocity and 



The direction of tl 
ditermined by an aj 

When the plane of i 
field, the induced: 

When the plane of ‘ 
the induced potent: 



The magnitude of the induced potential 
is proportional to the component of 
the velocity perpendicular to the 
field and the intensity of the magnetic 
field. 



V. Electromagnetic 
radiation 



o 
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When the loop is part of a complete 
circuit, the induced potential causes 
a current in the loop. Since the 
induced potential is alternating, 
the current is, an alternating current. 

If electromagnetic 
only be reviewed n 
taken up at this p 

Periodic electroma 
oscillating charge 

.57 
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Accelerating charges generate electro- 
magnetic radiations which are 
propagated by an interchange of energy 
between electric and magnetic fields. 
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The direction o£ the induced current This relationship is known as Lenz's law and is an 
is such that its magnetic field example of the law of conservation of energy, 

opposes the change that induced it. 



The magnitude of an induced electro- 
motive force is directly proportional 
to the flux density, the length of 
the conductor, and the speed of the 
conductor relative to the flux. 

A conducting loop rotated in a unifonn 
magnetic field experiences a 
continual change in the total 
magnetic flux lines linking the loop. 
This change induces a potential 
across the ends of the loop which 
alternates in direction and varies 



Minmm quantitative requivemntB are limited to 
applications of the reiationahipi E ~ Blv^ where 
the velocity and field m perpendiGular, 



The direction of the induced potential may be 
diteriined by an appropriate hand rule. 

When the plane of the loop is perpendicular to the 
field, the induced potential is zero. 

When the plane of the loop is parallel to the field, 
the inducad potential is a maximum, 



in magnitude between zero and a 
maximum. 



The magnitude of the induced potential 
is proportional to the component of 
the velocity perpendicular to the 
field and the intensity of the magnetic 
field. 



Ifhen the loop is part of a complete 
circuit, the induced potential causes 
'B, current in the loop. Since the 
induced potential is alternating, 
the current is an alternating current. 

Acceleratini charges generate electro- If electromagnetic radiation was studied earlier, it need 
magnetic radiations which are only be, reviewed now, Otherwise that section should be 

propagated by an interchange of energy taken up at this point. ^ 
between electric and magnetic fields, 

Periodic electromagnetic radiation is caused by ' 

oscillating charges. 
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VI . Electron Beams 



A. Thermionic 
emission 



Incandescent objects emit electrons. 



A space charge will 
objects which will i 
electrons . 



B. Electron beams 
in an electric 
field 



In an electric field between two 
conductors the electrons move from the 
cathode to the plate. The cathode is 
negative and the plate is positive, 



C. Control of 
electron beams 



Electron beams are controlled by 
electric and/or magnetic fields. 



In an electric field the beam is 
deflected by a force which is parallel 
to the field and directed toward the 
positive plate, 



D. Charge to mass 
ratio 






In a magnetic field the beam is An appropriate hand 

deflected by a force which is the direction of del 

perpendicular to both the beam and 
the field, 



The ratio of the charge on an electron 
to its mass can be detennined by 
measuring the effects of a known 
magnetic field on a bean of electrons 
of known kinetic energy. 



The = ratio may be c 
m 

Since the electror 
ences centripetal 



A beam of electrons of known kinetic 
energy can be obtained by accelerating 
them in a known electric field. This 
method is used to determine the ratio 
of charge to mass of other particles. 



The electron gains 

through a change i 
Therefore, the pot 
kinetic energy gai 

i mv^ ■ Ve (2) £ 



Dividing both side 



Since the centripe 
by the magnetic fa 



o 
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Incandtscent objects emit electrons, 


A space charge will he developed around incandescent 
objects which will impede the continued emission of 
electrons. 


In an electric field between two 
conductors the electrons move from the 
cathode to the plate. The cathode is 
negative and the plate is positive. 

Electron beams are controlled by 
electric and/or magnetic fields. 

In an electric field the beam is 
deflected by a force which is parallel 
to the field and directed toward the 
positive plate. 

In a magnetic field the bean is 
deflected by a force which is 
perpendicular to both the bean and 
the field. 


An appropriate hand rule should be used to determine 
the direction of deflection. 


The ratio of the charge on an electron 
to its mass can be determined by 


The j ratio may be obtained in the following way: 


measuring the effects of a known 
magnetic field on a beam of electrons 
of known kinetic energy. 

A beam of electrons of known kinetic 
energy can be obtained by accelerating 
them in a known electric field, TTiis 
method is used to detennine the ratio 
of charge to mass of other particles. 


Since the electron follows a curved path^ it experi- 
ences centripetal acceleration . ^ ^ v^^ 

“ r - ■ 

12 

The electron gains kinetic energy (j mv ) by moving 

through a change in electrical potential (V) , 
Therefore j the potintial energy (Ve) lost equals the 
kinetic energy gained by the electron, 

12 2 2Ve 

1 IV s Ve (2) and V- ^ — (S) 

2 V ^ jj w 

2Ve 

Dividing both sides of (3) by r : -- - (4) 


r" * 


Since the centripetal force on the electron provided 
by the magnetic field is equal to BeVj 


o Su 
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E. Mass of the 
electron 



o 

ERIC 





Understandings and Fundamental Concepts 



ft ■ 

Bev = F = ma = - 



D r2Ve. 

Bev " HI f^-^J 
^mr 



From (3} v = 



A 



Substituting in 




Since V, B and i 
This imlationshi 

Since the charge of an electron is 
known from Miiiikan*s oil -drop 
experiment, the mass of an electron 
can be determined from the charge to 
mass ratio. 
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ATOMIC AND NUCLEAR PHYSICS 



Understandings and Fundamental Concepts 



I, Dual Nature of 
Light 



Light exhibits the characteristics of 
waves and particles. 



A, Wave phenomena 



B, Particle 
phenomena 

1. Photo- 
electric 
effect 




Interference, polarization, and 
diffraction can be explained only on 
the basis of a wave theory. 

The photoelectric effect can be 
explained only on the basis of 
a particle theory. 

The photoelectric effect is the 
emission of electrons from an object 
when certain electromagnetic radiation 
strikes it. 

The rate of emission of photoelectrons 
depends on the intensity of the 
incident radiation, 

The maximum energy of photoelectrons 
depends only on the frequency of the 
incident radiation and the nature of 
the surface , 

V'i 

For each photo-emissive material there 
is a minimum frequency below which no 
photoeiectrons will be emitted. 

45 



This duality is true fs 

The dual nature of matj 

i 

Some phenomena are mot' 
use of the wave model 
more appropriate for o 



A review of these phen 



According to the wave 
be related to the inte 
radiation should cause 
if sustained long eiiou 



The emission of photoe 
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Light exhibits the characteristics of This duality is true for all electromagnetic radiation, 
waves and particles, 

The dual nature of inatter will be studied later. 

Some phenomena are more easily explained by the 
use of the wave model while the particle model is 
more appropriate for others. 



Interference, polarization, and A review of these phenomena may be useful, 

diffraction can be explained only on 
the basis of a wave theory. 

The photoelectric effect can be 
explained only on the basis of 
a particle theory. 

The photoelectric effect is the 
emission of electrons from an object 
when certain electromagnetic radiation 
strikes it. 

The rate of emission of photoelec irons 
depends on the intensity of the 
incident radiation. 

The maximum energy of photoelectrons The emission of photoelectrons is a random phenomenon, 
depends only on the frequency of the 
incident radiation and the nature of 
the surface, 

For each photo-emissive materlpl there 
is a minimum frequency below wHich no 
photoelectrons will be emitted, 

6 
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According to the wave theory, the maxifflimi energy should 
be related to the intensity of the radiation and any 
radiation should cause the emission of photoelectrons 
if sustained long enough. 



Topics 

II. The Quantuin 
Theory 

A. The quantum 



*1. Planck’s 
constant 



B. Explanation 
of photo = 
electric 
effect 

1, Photon 



*2, Photo= 
electric 
equation 
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The quantum theory was developed to 
explain phenomena which could not be 
explained by the classical theory. 

Atomic oscillators emit or absorb 
electromagnetic radiation only in 
discrete amounts called quanta. 

The euergy of each quantum is propor- 
tional to the frequency of the 
radiation. 

The constant of proportionality be- 
tween the energy of a quantian of elec- 
tromagnetic radiation and its 
frequency is called Planck’s constant. 

The photoelectric effect could be 
explained by assuming that electro- 
magnetic radiation is quantized. 

A photon is a quantim of light energy. 

The photons of the electromagnetic 
radiation act individually and their 
energies are proportional to their 
frequency and, therefore, Inversely 
proportional to their wavelength. 

The raaxlmiuii kinetic energy of the 
released electrons is a linear 
function of the frequency of the 
photons . 



The distribution c 
explained by assum 
is emitted or absc 
this theory at the 

Minimmi qucmtitaii 
apptiaations of th 
the energy of the ■ 

h ^ Plmak- 8 aonst 
f « the frequenoy \ 
QyQtes/8ea> (The | 
be mmorized.) 

In 1905 Einstein j 
was always quant 12 
quanta existed on] 



This relationship 



Minimm qA.antitat'i 
c^pliaation of th 

The work fmotion. 

The slope of the ] 
The intercept on 1 
below which photoe 
material . 
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The quantum theory was developed to ’ 

explain phenomena whlen could not be 
explained by the classical theory. 



Atomic oscillators emit or absorb 
electromagnetic radiation only in 
discrete amounts called quanta. 

The energy of each quantum is propor- 
tional to the frequency of the 
radiation. 

The constant of proportionality be- 
tween the energy of a quantimi of elec- 
tromagnetic radiation and its 
frequency is called Planck’s constant. 



The distribution of black body radiation can be 
explained by assuming that electromagnetic radiation 
is emitted or absorbed as quanta. Planck announced 
this theory at the close of the nineteenth century. 

Minmm qumUtatim Tsquimmnts are Irntted to 
ccppliaationB of the mlatwnships E » hf^ whew E is 
the energy of the eleatromagnetia mdiation in gdutes, 

34 

h s Plmak' 8 oonstant (8.68 x 10 joule^seo)^ aid 
f = the frequenoy of the eUGtrmc^etia mdiation in 
oyolea/seo. (The value of Plmok’s oonstanb need not 
be mmorimd.) 



The photoelectric effect could be In 1905 Einstein proposed that electromagnetic radiation 

explained by assuming that electro- was always quantized whereas Planck had proposed that 

magnetic radiation is quantized, quanta existed only in the neighborhood of the emitter. 



A photon is a quantum of light energy. 

he 

The photons of the electromagnetic This relationship may also be expressed as B * 
radiation act individually and their 
energies are proportional to their 
frequency and, therefore, inversely 
proportional to their wavelength. 

Tlie maximum kinetic energy of the 
released electrons is a linear 
function of the frequency of the 
photons , 

The slope of the function above is Planck’s constant. 
The intercept on the frequency axis is the frequency 
below which photoemission will not occur for the 
/ , material . 



Minmm qmntitative requirmenta are limited to the 
^pliaation of the relationships * hf -w. 

The work fumtims w, depends upon the material. 
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a. Threshold ’ The mlniimnn frequency needed to eject 

frequency an electron from the surface of a 

material Is called the threshold 
frequency. 

The energy associated with the 
threshold frequency is called the 
work function of the material. 

C. Photon-particle Both energy and momentim are conserved 
collisions in photon-particle collisions. 

1 . Photon The momentum of a photon is Inversely 

momentian proportional to its wavelength. 



Su 




Compton used x-rays f« 
in ’-922. 

The Compton effect is 
conservation of energ; 
collisions. The mome] 

E hf h 

a® p " c " r" X- 



D, Matter waves 



Moving particles have wave propirties, 



The wavelength of a particle is 
inversely proportional to its 
momentum . 



Altiiough the photon c: 
a force, it does not : 
In any frame of referi 
with the speed of ligl 
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De Broglie made this j 
on his intuitive feel: 
that the dual nature c 
nature of matter. 



Theoretically, all ma" 



Under ordinary circum! 
is not significant. ] 
cance when they are 1? 
diffraction patterns 
length of such partic 



momenta: For example 



constant and p « mv f 
relative to the speed 
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The minimum frequency needed to eject 
an electron from the surface of a 
material is called the threshold 
frequency, 

The energy associated with the 
threshold frequency is called the 
work function of the material, 



Both energy and momentum are conserved 
in photon-particle collisions, 

The momentum of a photon is inversely 
proportional to its wavelength. 



Compton used x-rays for his photon-particle collisions 
in 1922, 

The Compton effect is explained in teMis of the 
conservation of energy and momenttm in photon-particle 
collisions. The momentum of the photons is expressed 




Although the photon carries momentum and can exert 
a force, it does not and cannot have rest mass. 

In any frMie of reference in space the photon moves 
with the speed of light and cannot be at rest. 

Moving particles have wave properties, De Broglie made this proposal ih 1924, If was based 

on his intuitive feeling that nature is s>Tnmetrical, 
that the dual nature of light is matched by a dual 
nature of matter. 



The wavelength of a particle is 
inversely proportional to its 
momentum. 



Thioretically, all matter has wave characteristics. 
Under ordinary circumstances the wave nature of objects 
is not significant, The waves have particular signifi- 
cance when they are long enough to produce 
diffraction patterns which can be observed. The wave- 
length of such particles is detemined from their 

momenta: For example, ^ | where h is Planck’s 

constant and p » mv for low energies Cspeed small 
relative to the speed of ligliit) . 
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III. Models of the 
atom 



A. The Rutherford On the basis of scattering experiments 
model of the Rutherford proposed a model in which, 

atom the positive charge of an atom, and 

most of the mass, are considered to 
. be concentrated in a small dense 
core, called the nucleus of the atom, 
with electrons widely separated from 
the nucleus. Most of the atom is 
space. 



1. The alpha 
particle 



The alpha particle is a helium 
nucleus which consists of two protons 
and two neutrons. 



2, .Alpha 
particle 
scattering 



Most of the alpha particles directed 
at a thin metal foil pass through 
without being deflected. Some are 
scattered through angles ranging up 
to 180 degrees. 







% 
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Davisson and Germer produced interference patterns 
with moving electrons. The observed wavelengths 

were equal to - , 



On the basis of scattering experiments Alpha particles, directed at a thin metallic foil, 

Rutherford proposed a model in which were observed to be scattered in all directions, 

the positive charge of an atom, and The distribution of the particles as a function of 

most of the mass, are considered to their scattering angle was experimentally measured, 

be concentrated in a small de.ise 

core, called the nucleus of the atom, 

with electrons widely separated irom 

the nucleus. Most of the atom is 

space. 



The alpha particle is a helium 
nucleus which consists of, two protons 
and two neutrons. 



Many naturally radioactive substances emit alpha 
particles. The type of nuclear disintegration which 
results in the emission of alpha, particles is called 
alpha decay. . 



Energies of alpha particles used rmged between 4,5 

and 9,0 Mev. This corresponds to velocities from 

7 7 

1.5 X 10 m/sec to 2,0 x 10 m/sec. 



Most of the alpha particles directed 
at a thin metal foil pass through 
without being deflected. Some are 
scattered through angles ranging up 
to 180 degrees. 



The unexpected and significant result of this 
experiment is the deflection of some particles 
through ,'6^ large angles, almost 180 degrees. Since 
both' the nuclei of the foil atoms and the alpha 
particles are positively charged, the alpha particles 
experience Coulomb forces of repulsion. 

The angle 0 through which the particle, is deflected 
is called the scattering angle, llie distance between 
the path leading to a head-on collision with the 
nucleus and the original path actually taken by the 
alpha particle is called the impact parameter. 



Unders 



tandings and Fundamental Concepts 




As P gets smaller, 9 
collision, where P ® 
of a head-on collisic 



3. Tra» 
jectories 
of alpha 
particles 



Alpha particles are deflected into 
hyperbolic paths because of the 
couloimib forces between them and the 
positively charged nuclei of the 
metal foil. 



Tlie force is expiesse 

the nucleus is Ze, wh 
the elementary charge 
equals 2e. 



4, Scattering If the energies of' the alpha particles 
and atomic are the same, the number of particles 
number scattered beyond a given angle is a 

function of the charge on each nucleus. 



5. Dimensions The radii of atomic nuclei are small 
of atomic compared with the radii of their 

nuclei respective atoms. 




B, The Bohr model The Bohr model of the hydrogen atom 
of the hydrogen consists of a positively charged 

atom nucleus and a single ele''tron 

revolving in a circular orbit. 

Assumptions contrary to classical 
theory are required to explain this 
model. 



If one neglects relat 
may be , approximated h 
energy principle to h 
scattering^' experiment 



m, 



kqZe , 
r , 



whe 



between the center of 
of the nucleus 



m^. v 



2 






This felationship is 
does not have suffici 
The radii of atomic n 
meters . 



The Bohr model is not 
of atomic structure a 
mechanical model. 
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Alpha particle^', are deflected into 
hyperbolic paths because of the 
couloumb forces between thei and the 
positively charged nuclei of the 
metal foil, 



Supplementary Infomation 

As P gets smaller, S gets larger until for a head-on 
collision, where P * 0, 6 is 180®, The probability 
of a head-on collision is extremely siaH, 

The force is expressed as F = k 3—— . The charge on 

2 

r 

the nucleus is Ze, where Z is the atomic number, e is 
the ilementary charge and q for an alpha particle 
equals 2e, 



g If the energies of the alpha particles 
c are the same, the nimiber of particles 
scattered beyond a given angle is a 
function of the charge on each nucleus. 



s The radii of atomic nuclei are small 
compared with the radii of their 
respective atoms, 



el The ■ Bohr model of the hydrogen atom 
gen consists of a positively charged 
nucleus and a single electron 
revolving in a circular orbit. 

Assumptions contrary to classical 
theory are required to explain tl|is 
model. -H' 



If one neglects relativistic effects, this dimension 
may be approximated by applying the conservation of 
energy principle to head-on collisions in a 
scattering experiments . 



m*^- r 



where r represents the distance 



between the center of the alpha particle and the center 
of the nucleus Therefore, 



r - 






This relationship is valid only when the alpha particle 
does not have sufficient energy to enter the nucleus. 
The radii of atomic nuclei are of the order of 10"^^ 
meters. 



The Bohr model is not a general solution to the problem 
of atomic* structure and has been replaced by a wave 
mechanical model, 



Topics 



Supplemanta- 



1. Bohr’s 
assumption 



2, Energy 
levels 
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An orbiting electron does not lose 
energy even though it has an 
acceleration toward the center. 



Only a liniited number of specified 
orbits is permitted. Each orbit 
represents a particular energy state, 



When an electron changes from one 
energy state to another, a quantum 
of energy equal to the difference 
between the energies of the two 
states is emitted or absorbed. 



When gas molecules are bombarded by 
electrons , the gas molecules can 
accept energy only in discrete 
amounts . 



The process of raising the energy 
of atoms is called excitation, 



Excitation energies are different for 
different gases. 



Excited atoms subsequently release the 
energy as photons. 



According to classical theory, 
lose energy by emitting electro: 
and spiral into the nucleus. 



The penAitted orbits are those : 
momentum of the electron is an . 
of Planck's constant divided by 



mvr 



Sir 



I 

The change in energy is given b] 
Ej and E^ are the respective ene 
and £ is the frequency of the rs 



In 1914 J.. Frank and G, Hertz fi. 
concepts of stationary states oi 
by bombarding gas molecules with 
molecules of gas accepted energy 
only in discrete amounts, 
rerent for different gases. 



Electrons with energies lower th 
excitation energies collided ela 
gas molecules. 



The Frank -Hertz experiment demon 
exciting atoms; other methods ar 
electrical discharge, and electr 



The potential energy necessary t 
an atom ;to a higher state is cal 
resonance potentiai . 
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ki orbiting electron does not lose According to classical theory, the electron should 
energy even though it has an lose energy hy emittini electroniagnetic radiation 

acceleration toward the center. and ppiral into the nucleus. 

Only a limited ntMber of specified 
orbits is permitted. Each orbit 
represents a particular energy state. 



The pemitted orbits are those for which the angular 
momentum of the tlectron is an integral multiple 
of Planck's constant divided by 2 tr. 



When an electron changes from one 
energy state to another, a quantuin 
of energy equal to the difference 
between the energies of the two 
states is emitted or absorbed. 



The change in energy is given by: hf a where 

and are the respective energies of the two states 
and f is. the frequency of the radiation emitted. 



When gas molecules are bombarded by 
electrons , the gas molecules can 
accept energy only in discrete 
amounts . 

The process of raising the energy 
of atoms is called excitation. 

Excitation energies are different for 
different gases. 



In 1914 J. Frank and G. Hertz further strengthened the 
concepts of stationary states or fixed energy levels 
by bombarding gas molecules with electrons. The 
molecules of gas accepted energy from the electrons 
only in discrete amounts. Excitation energies were 
different for different gases, 

Blectrons with energies lower than the discrete 
excitation eriergies collided elastically with the 
gas molecules. 



Excited atoms subsequently release the 
energy as photons. 



The Frank -Hertz experiment demonstratis one way of 
exciting atoms; other methods are thermar excitation, 
electrical discharge, and electromagnetic. excitation. 



The potential eneriy necessary to change the;;energy of 
an atom to a higher state is called the excitation or 
resonance potential. 
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Supplemen' 



a. Ground 
state 



The lowest possible energy level is 
called the ground state, 



b. Ionization The minimum energy necessary to remove The minimum energy necessary to 

potential an electron from an atom is called from the atom is equal to its pe 

the ionization potential, its kinetic energy, 



The ionization potential is the 
move an electron from the grounc 
that is, to ionize the atom, TI 
of hydrogen, for example, is 13 



3. Standing 
waves 



IV. Atomic Spectra 



Waves which describe the probability 
of finding the electron at a 
particular position can exist as 
standing waves only at certain 
distances from the nucleus. These 
distances correspond to the discrete 
energy levels of the atom. 

Each element has a characteristic 
spectrum. 



A standing wave will occur only 
h 



it = 2irr, then Planck's assun 
rav 



follows, It is convenient to tl 
of wavelengths in an orbit for e 



*A. Excitation and 
emission 



IS, excited to energy levels above 
the ground state, emit energy as 
photons when their ilectrons fall to 
lower energy levels. 



Uimmm qumiitatim vequwemn 
applioations of the Mlationshi] 

and the me 



^initial final 



w. 



If sufficient energy is supplie 
excited to several energy level 
returns to the ground state, it 
photon of one particular energy 
inergies equal to the energy di 
internal states , 



*B. Absorption 


An atom can abs 


iorb those photons 


Minmm ^Amtitc 


rtiue m 
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spectra 


whose energies 


are equal to the ,, 




the ml\ 
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hi lowest possible energy 


level is 


ailed the ground state. 




he miniramn energy necessa; 


ry to remove 


n electron from an atom i 
he ionization potential, 


s called 



faves which describe the probability 
if finding the electron at a 
larticular position can exist as 
ifanding waves only at certain 
iistances from the nucleus. These 
listances correspond to the discrete 



The rainimim energy necessary to remove an electron 
from the atom, is equal to its potential energy minus 
its kinetic energy, 



The ionization potential is the energy required to 
move an electron from the ground state to infinity 
that is, to ionize the atom. The ionization pote 
of hydrogen, for exmple, is 13.6 ev. 

A standing wave will occur only when n X - - , or 

X* “ s 2n, then Planck's assimption mvr = ^ 
mv iTf 

follows. It is convenient to think of n as the number 
of wavelengths in an orbit for a particular energy level 



inergy levels of the atom. 

ach element has a characteristic 
ipectrinn. 

Ltoms, excited to energy levels above Uinvni qMflwtitatius rgqwweweMta ars twit&d to 

he ground state, emit energy as c^pliootioiw of the MtotionBhvg^ ^pf^ton 

ihotons when their electrons fall to f. . md the use of Bmgle onevgu level 

,ower energy levels. %nvt%at fiMl 

diagvmB. : 



If sufficient energy is supplied, the electrons may be 
excited to several energy levels. As each electron 
returns to the ground state, it can radiate a 
photon, of one partieular energy or several photons with 
. energies equal to the iriergy dlfferinces between several 
Internal states . 
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Th 

ph 

at 



It 

©n 

C. The hydrogen The lines in the emission spectrum In 

spectrum of hydrogen occur in several groups ca] 

known as series. to 

Wh 

in 

wi- 



Em] 

spe 

we: 

al- 

foi 



1 , Balmer 
series 



V. The Nucleus 



A. Observational 
tools 



B, Accelerators 



The lines in the Balmer Series are 
due to electrons from an excited state 
returning to the second energy level. 
Some of these lines are visible. 

The nucleus is the core of the atom 
and contains most of the mass of the 
atom. 



Some of the tools used for the study 
of radioactivity are the electroscope, 
photographic plates, geiger counters, 
scintillation counters, and cloud 
chambers. 



Acceierators are used to give charged 
particles sufficient kinetic energy 



to overcome electrostatic forces and 
penetrate the nucleus. 
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Understandings and Fundamental Concepts 



Supplefflentary Infomation 



The photon will be absorbed only when the incident 
photon has exactly the right energy to raise the 
atom to a particular energy state; otherwise the photon 
simply passes through or scatters elastically. 

It is possible for an incident photon to have enough 
enirgy to ionize the atom. 



The lines in the emission spectrum In the ground state, n ® 1. Ail the other states are 

of hydrogen occur in several groups called excited states because energy must be added 

known as series. to the electron in order to move it to these states. 

When a hydrogen atom altsorbs energy, an electron moves 
into orbits with larger radii and into energy levels 
with higher energy. 

Empirical formulas for the lines of the hydrogen 
spectrum, developed for the Balier series, 
were confirmed by the theoretical work of Bohr. Bohr 
also predicted other series which were subsequently 
found,. 

The lines in the Balmer Series are 
due to electrons from an excited state 
returning to the second energy level. 

Some of these lines are visible. 

The nucleus is the core of the atom 
and contains most of the mass of the 

i 

Some of the tools used for the study 
of radioactivity are the electroscope, 
photographic plates, geiger counters, 
scintillation counters, and cloud 
chambers, 

Accelerators" are used to give charged 
particles sufficient kinetic energy 
to overcome electrostatic forces and 
penetrate the nucleus. 



A brief descriptive approach to the application of 
these tools for studying and detecting particles is 
suggested. MmUdge of dstails of aons-bmUon is 
not requwd, 



Magnetic and electxlc fields are 
used in accelerators to accelerate 
charged particles, 




Some accelerators are the Van de 
Graaff generator, cyclotron, the 
synchrotron, and the linear acceler- 
ator. 

C. Nucleons The particles inside the nucleus are 

called nucleons, 

D. Atonic number The atomic number is the number of 

protons in the nucleus. 

Elements differ from each other in 
atomic number, 

E. Mass number The mass niunber is the total number 

of protons and neutrons In the nucleus, 

F. Nuclear force Nuclear force is the force which holds 

the nucleons together. It is a strong 
short range force. 



G. Nuclear mass The mass of the nucleus is less than 
and binding the total mass of its nucleons. This 

energy difference in mass is equivalent to 

the energy with which the nucleonS'; 
are bound. 

The binding energy of the nucleus is 
the enefiy that nnist be " 

^ ^ to it in ori^^^ 

V"' .its, ■nucleons. ■ .. ':V‘' 




A brief descriptive £ 
accelerators is sugge 
of QonBtmotion md c 



The symbol for atomic 



The symbol for mass i 

Nuclear forces oneral 
*>15 

is less than 10 met 

Nuclear forces exceet 
of magnitude. 

The mass defect is tl 
total mass of the- nu( 



The binding -energy i 
mass defect. 

The binding energy i 
nucleons f onn a nuc 1 
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kpetic and electric fields are 
ised in accelerators to accelerate 
harged particles. 

some accelerators are the Van de 
raaff generator, cyclotron , the 
ynchrotronj and the linear acceler- 
ator. 

he particles inside the nucleus are 
:alled nucleons . 
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Supplementary InfoCTiation 



atomic number is tr 
jrotons in the nucleus, 



Slements differ from each other in 
itomic number, 



A brief descriptive approach to the operation of these 
accelerators is suggested. MowlBige of details 
of ooMtvmtion cmd op&vation is not pequired. 



The spbol for atomic number is E, 



rhe mass number is the total nimber 
jf protons and neutrons in the nucleus. 



for mass niunbei is A. 



'luclear force is the force which holds Nuclear forces operate when the distance between nucleons 

ihe nucleons together. It is a strong . , .^-IS 

range force. is less than 10 meters. 



Nuclear forces exceed all other types by many 
of magnitude . 



rhe mass of the nucleus is less than The mass defect is the differenci in mass between the 
:he total mass of its nucleons. This total mass of the- nucleona and the mass of the nucleus, 
lifference in mass is equivalent to ' 

:he energy with which the - . ^ . ^ 

ire bound. 






’he binding energy. of the is 

:he: ehpfgy. 

:o^ it in order to iieparate i into 
.tS':lWClionSv; .. 






The binding energy is the inergy equivaient of the 
mass ' 
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The binding energy Is the energy rel^ the 

nucleons fonn a nucleus ^ 
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H, Isotopes 



VI, Nuclear ReaLUJ.ons 

A. Natural 

radioactivity 



1. Alpha 
decay 



2 , Beta 
decay 
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Understandings and Fundamental Concepts 

Binding ener 
binding enei 



Nuclei which have the same atomic 
number but a different number of 
neutrons ai*e called isotopes. 



Radioactivity is the disintegration 
of the nuclei of atoms . 


Practically 
Isotopes ha^ 


Some nuclei of high atomic nianber are 
naturally radioactive. 




In all nucltar reactions, the total 
charge and the total mass number on 
both sides of the equation must 
balance. 




Alpha decay is the emission of an 
alpha particle from a nucleus. 


Exanple : 

D 226 ^ 

-Ra -»■ , 

88 




The emissio 
manber by 4 


An alpha particle is the nucleus of a 
helium atom. It has a mass number of 
4 and a charge of +2. 




In natural radioactivity beta decay 
Is the emission of a negative 

electron from a nucleus. y 

, . 69 . 


Example* 

234 

Th -i- 

90 

The emissic 
atomic numl 
number. 
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Understandings and Fundamental Concepts 



Supplementary Information 



Binding energies are usually compared in temis of 
binding energy per nucleon. 



Nuclei which have the same atomic 
number hut a different number of 
neutrons are called Isotopes, 



Radioactivity is the disintegration Practically all the naturally occurring radioactive 

of the nuclei of atoms. isotopes have atomic numbers greater than 81. 

Some nuclei of high atomic nimber are 
naturally radioactive. 

In all nuclear reactions j the total 
charge and the total mass number on 
both sides of the equation must 
balance. 

Alpha decay is the emission of an Exainple: 
alpha particle from a nucleus, 



number by (i ana tne apomic number by 2, 



jarticle decreases the mass 





4 and a charge of +2 
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3. Gamma 
radiation 


Gairana radiation coiisists of high 
energy photons originating in nuclear 
reactions . 


Gamma radiation is 




Ganmia radiation is emitted when a 
nucleus in an excited state changes 
to a more stable state. 


The emission of g£ 
atomic or mass nuB 


*B. Half life 


The half life of a radioactive element 
is the time required for one-half 
of the nuclei of a sample to 
disintegrate . 


Minviwn quccniitat^ 
appUQations of t) 

rrij, ~ ~ m, 

f f ^ 

tivea. 






Each isotope has i 




1 


Half lives range : 


C. Atomic mass 
unit 


The atomic mass unit is defined as 
the mass of an atom of carbon 12. 


Oxygen is no longt 


D. Mass -energy 
relationship 


Mass is equivalent to energy. 




1, Conservation 
of mass- 
energy 


During the process of radioactive 
decay mass-energy is conserved. 




*2. Einstein's 
mass-energy 


The energy equivalent of a mass is 
proportional to the mass and the 
velbclty of light Squ^^ 


Mvmmujri quantitat- 
applioationa of t'l 

From the special 
B a mc2. Therefo; 

1 amu = 1.66 x 1 




V • ^ V s , -i ; . ; . , • ^ r . ; i ^ 

' , .V ■ . ; I- . 

■ ■ . ■ ... f'. ^ 

iX S-.-r- i=.:i i. .V -7 -='l, 1 ’ ^ .-.-7 = . /A ■ 


^ 1.49 X 1 
1.6 X 10 
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Supplementary Information 



Gamma radiation consists of high Gaimna radiation is evidence of nuclear energy levels, 

energy photons originating in nuclear 
reactions . 



Gamma radiation is emitted when a 
nucleus in an excited state changes 
to a more stable state. 



The half life of a radioactive element 
is the time required for one-half 
of the nuclei of a sample to 
disintegrate. 



1 



The atomic mass unit is defined as 



the mass of an atom of carbon 12. 



Mass is equivalent to energy. 



During the process of radioactive 
decay mass-energy is conserved. 



The energy equivalent of a mass is 
prpportipnai to the mass and the 
velocity of light squared. 
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The emission of gairana radiation does not change the 
atomic or mass numbers, 



Minimm mcaiUtative mquivmmtB are Imitsd to 
^’pUcations of the ml 
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Each isotope has a specific half life. 



-22 17 

Half lives range in value from 10 see. to 10 



Oxygen is no longer the standard base for mass value. 



Minimm qimtitapive to 

applioatiom of the mlMonsMp I = 



From' the special theory of relativity we find that 
B s mc2:. Therefore^ 



1 am •1.66 X 10 "-kg x (3.0 x 10®) V/sec^ 



; 1.49 X 10 joules 

-19 

1.6 x i.O joules7ey 






i 7 931 Mev 
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Understandings and Fundamental Concepts 



E. Induced 
(artificial] 
transmutation 



1. Beta 
decay 



2. The neutron 




Transmutation is a change from one 
isotope to another of the same or 
different atomic nuniber because of 
a gain or loss of protons and/or 
neutrons by the nucleus. 

Radioactivity is an example of 
natural transmutation. 

Induced transmutations may be 
produced by bombardment of nuclei. 



This was confirme 
Walton in 1932. 



In 1919 j Rutherfo 
particles and pro 
14 4 

+ 2He 

This was the firs 



In 1934, the Joli- 
alpha particles t- 
phosphorus . Tliis 
radioactivity. 





The radioactive p 
isotope of silico 




30 



Beta decay in Induced radioactivity Examples: 
includes the emission of positive ^^64 ^ j^j64 

electrons (positrons] as well as 29 28 

negative electrons from nuclei. oa 

1 ^ 



Neutrons were flw by A very penetratin 
bombarding beryllium w^ beryllium and bor 
particles. ■ particles. 

^ v-''';'.' v ^ ■ the heutron.. ■ 
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Supplementary Infomation 




This was confirmed experimentally by Cockcroft and 
Walton in 1932. 


Transmutation is a change from one 
isotope to another of the same or 
different atomic number because of 
a gain or loss of protons and/or 
neutrons by the nucleus. 


In 19195 Rutherford bombarded nitrogen with alpha 
particles and produced oxygen. 

This was the first induced transmutation. 


Radioactivity is an exaniple of 
natural transmutation. 

Induced transmutations may be 
produced by bombardment of nuclei. 


In 1934, the Joliot-Curies bombarded aliminuiii with 
alpha particles to produce a radioactive Isotope of 
phosphorus. This was the first exaffiple of induced 
radioactivity. 

ai 27 „ 4 n30 ^ 1 
j^Al + jHe ^ 25^ O" 




The radioactive phosphorus then decays to a stable 
isotope of silicon, 

p30 ^ spO 0 

ir”- +i' 


Beta decay in induced radioactivity 
includes the emission of positive 
electrons (positrons) as well as 


Examples; 

^ 64 ,,.64 0 

2gCu 2 |Ni + 


negative eiectrons from nuclei, 


,: 24 ,. 24 0 

jjNa -.jjMg . .je , 


Neutrons were first discovered by 
bombarding beryllium with alpha 


A very penetratihg foOT of radiation resultid when 
heryliium and boron were bombarded by alpha 


particles. .... j, .. . 


■■■particles.^'-: 

This radiation was identified^ Chadwick in 1932 as 
.the'^neutxon,' j . 
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F. Nuclear fission 



1. Thermal 
neutrons 



2. Moderators 




Understandings and Fundamental Concepts 



In nuclear reactions neutrons are It Is not ne 
often used as bombarding particles energy in oi 
because they are uncharged and are reactions; 3 
not repelled by nuclei. When they slowed down 
are very close to a nucleus they are the nucleus, 
attracted by it . neutrons col 

they do not 



Fission is the breaking of a nucleus. ’ 
The fragments are, usually, nearly 
equal in atomic number. 

Only, certain massive nuclei are 
fissionable. 



When slow tl 
235 

nucleus 
parts . This 
emission of 



by the reles 
written: 
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the average 
Q represents 



The energy r 
heavy elemer 
binding enei 



Thennal neutrons are neutrons with Fission of I 

kinetic energies approximating those 
of molecules of substances at 



Moderators are materials which are 
used to slow down neutrons. 




When neutroi 
they collide 
kinetic ene; 
material . 

The neutron* 
in eiastic ( 
The mosf ; ef: 
of similar i 
ah equilibr: 
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n nuclear reactions neutrons are 
ften used as bombarding particlis 
ecause they are uncharged and are 
ot repelled by nuclei. When they 
re very close to a nucleus they are 
ttracted by it . 



ission is the breaking of a nucleus, 
he frapents are, usually, nearly 
qual in atomic jiumber. 

niy certain massive nuclei are 
issionable. 



It is not necessary to give neutrons high kinetic 
energy in order for them to participate in nuclear 
reactions; it may even be better for them to be 
slowed down so they may spend some more time near 
the nucleus. This may be accomplished by letting 
neutrons collide with nuclei of small mass with which 
they do not interact, 

235 

When slow thermal neutrons are absorbed by U , the 



U nucleus splits, usually into two nearly equal 
parts. This fission process is accomplished by the 
emission of a certain average number of neutrons and 
by the release of energy. The reaction might be 
written : 



1 



1 



,U t „n‘ Fj ♦ Fj ♦ (J „n‘ + Q 

and Fj are fission frapents, ^ represents 

the average number of neutrons emitted per fission, and 
Q represents the energy. 



hemal neutrons are neutrons with 
inetic energies approximating those 
f molecules of substances at 
rdinary temperatures , 



The energy released per nucleon in the fission of a 
heavy element is the difference betwien the average 
binding energy/nucl eon of the original element and the 
average binding energy/nucleon of the elements formed. 



Fission of U is induced by thermal neutrons. 



oderators ari fflateriilTs which are 
Sid to slow down neutrons . 
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When neutrons give up energy to nuclei with which 
they collide, they may; finally slowj down u^^^ their ■ 
kinetic jenergy approximates the; thwma the 

material.r-V- 



The riiutrohs are slowed down by Ibsihg kinetic 
. in elastic collision with the nuclei of the moderator. 

The most effective is a head-on collision with a particle 
of similar- mass . Neutrons in a moderator soon reach 
an equilibrium . St ate with the atoms ,of ■ the , moderator . 
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G, Fusion 



Fusion is the process 
two light nuclei to 
one , 



of combining 
£omi a heavier 
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Understandings and Funaanental Concepts Supplementary Information 



The neutrons in this state have the same average kinetic 
energies as molecules of gases at ordinary tempiratures , 

Materials containing hydrogen, deuterium, carbon, water, 
paraffin, and graphite are most commonly used for 
the purpose of slowing neutrons. 

Fusion is the process of combining 
two light nuclei to form a heavier 
one. 



Various isotopis of hydrogen may combine to produce 
helium and release energy. 

% ] 4 

2^6 + Q 







